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Two Great Inventions 


method for heating the air that is used in the combustion of 

a fuel. This recognition was in the form of a patent issued to 
J. B. Neilson. Neilson’s apparatus was crude and permitted an 
increase in the temperature of the air to only a few hundred 
degrees, but the principle was sound. Hence, although the ap- 
paratus mechanically was of little value, nevertheless, it was the 
first piece of mechanism that embodied a really practical method 
of heating air. 


|: 1828, one hundred years ago, official recognition was given a 


The contribution that Neilson made to the art of securing high 
temperatures has now been almost forgotten, but the principle to 
which he gave expression is still an essential requisite for every 
blast and open hearth furnace. Others, as is frequently the case, 
seized upon Neilson’s idea and, by improving upon the mechanical 
details, or by an entirely different adaptation of the principle, have 
achieved success. 


Thus, 28 years after Neilson’s patent was issued, Frederick 
Siemens brought forth his system for raising the temperature of 
air. One employed a recuperator; the other regenerators. 


To these two men belongs the credit for having made possible 
the production of steel and iron in large quantities, and at a com- 
paratively low cost. The benefits the inventions conferred on man- 
kind is beyond appraisal; but to what extent is unknown, except 
to those in the engineering profession. A place in the “hall of 
fame” is not always attained by a great service. 
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Dovel Type Blast Furnace Put on Test 


Furnace at One of the Large Southern Iron and Steel Plants Is 
Operated for Six Days on Burden of Crushed Ore— 
Procedure Simulates Northern Practice 
By JAMES P. DOVEL* 


ITER the installation of the new type Dovel 

furnace, one of the principal objects of design 

Was to prevent the production of flue dust, and 
these losses were reduced from 400 to 500 Ibs. per ton 
of iron to that of 24 to 50 Ibs. There was then a great 
incentive to take advantage of the well known prin- 
ciple that the finer the ore the better the contact, and 
the consequent higher thermal efficiency. As conclu- 
sively proven by these tests (see screen test made 
of ore as ordinarily crushed and as recrushed), this 
recrushing increased the thermal efficiency about 16 
per cent, and only increased the flue dust from 24.6 
Ibs. to 42.53 Ibs. per ton of iron. 


Most of the ore that is used in the Birmingham 
district is of the hard type and must be crushed. 
The question of what size it should be crushed 
to had never been definitely decided. There 
seemed to be a great diversity of opinion on the 
subject, notwithstanding the fact that these fur- 
naces of the ordinary type were producing about 
the same amount of dust while running on hard 
ore crushed to 3 in. and under, as the northern 
furnaces running on very fine ore. 


Another test was run for the purpose of determin- 
ing whether this furnace would carry a very great 
percentage of fine concentrates without sintering. 
This was done by grinding ordinary hard ore in a rod 
mill to pass 20 mesh and charging every fourth charge 
of this material. No change was noted in the working 
of the furnace or in the dust produced, except that the 
furnace came very hot, due to the increase in ther- 
mal efficiency which was overlooked at the time of 
starting the test and was taken care of by lowering 
the temperature of the hot blast. 

Furnace—Improved Dovel type blast furnace, double 
skip filled McKee top, of following dimensions: 


GIG» 3.2 clissoles antierw dia aiacea siardatorss is ct Sie waveresenys 85 ft. 
Hearth diameter oi soc ccs on aisiccaetedesions 14 ft. 9 in. 
Bosh diameter: oscioecesseossced veanre naan’ 21 ft. 0 in. 
SOS ANDIO.Sacdiosev cond acuateen ees 77 deg. 0 min. 
DtOck lie: vies siaesdccashp aeoenorceswaansane 17 ft. 
Margebell: cccesscstaardcunecaameanitiite 9 ft. 7% in. 
Satter of inwall. i .ccccccdiecccse sarc Y% in. per ft. 
Ten standard: tuyeres: crcnssaoneacndesey 6 x 10% in. 
‘otal cubical! capacity «kis sesoces Seacecies 20,531 cu. ft. 


The stack is equipped with nine rows of Dovel 
inwall cooling blocks and has a metal top. 

Stock Trestle—Single line of bins spanned by double 
track. 

Stock House—Single line larry track for all raw 
materials. Ores and stone are weighed in larry car; coke 
is measured, being drawn from bin located directly over 
skip pit direct into skip car. Skip car capacity approxi- 
mately 3,000 Ibs. coke. 


*Vice president, Sloss-Sheftield Steel & Iron Company. 
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Stoves—Six 4-pass Whitwell stoves. Total heating 


" surface 130,000 sq. ft. 


Gas Cleaners—One vertical dust catcher, and a Dovel 
dry dust catcher and cleaner. The Dovel cleaner con- 
sists of a large main containing a series of baffles, 
under and over which the gas passes. As the dust is 
deposited it is washed to a sump, where it settles out 
of the water. 

Heat Recuperator—This is a Dovel heat recuperator 
for hot blast. It consists of a series of pipes connected 
together in one line, through which the cold blast is 
blown before reaching stoves. Waste gases from 


Outline of typical Dovel blast furnace. 
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stoves are passed over these pipes, which serve to heat 
cold blast to about 450 deg. F. 

Blowing Equipment — Four Allis-Chalmers, long 
cross-head type reciprocating blowing engines, 44 x 8+ 
x 60 in. Theoretical capacity of blowing tubs, 384 
cu. ft. per revolution. 

Steam Plant—Two Casey & Hedges boilers, capacity 
600 hp. each. Six Rust boilers, capacity 400 hp. each. 


Six Day Test Run 


At 6:00 P. M. September 26, 1928, a six day test 
was started, using hard ore crushed to 1 in. through 
a crusher at the Sloss-Sheffield slag plant. 

Burden and mixtures were as follows: 


- Ratio ore to coke ............. cece eeee 2.40: 1.00 

Mixture Per cent 
Hard ore. sec eke aes 76 
Brown’ Of. 0/54 oscec coda Bence kee tie 24 
100 

Dolomite ................05 600 Ibs. per charge 

Coke teisie iescesinisecn ad saree acne 6300 Ibs. per charge 


The furnace was carrying approximately 1275 de- 
grees heat when put on above mixture, but after this 
burden was on the furnace about 10 hours it showed 
from 3 to 4 lbs. more pressure than when on burden 
with larger ore. When furnace showed signs of work- 
ing tight, the heat was reduced to 1165 degrees and 
the furnace then worked very smooth, moving reg- 
ularly. 

Immediately after the 8:00 P. M. cast, September 
27, the blast pressure went up to 28 Ibs., and at 8:20 
P. M. the furnace made a hard move, throwing a little 
coke out of bleeder and a large amount of dust into 
primary dust catcher. The dust removed from dust 


Average Daily Charge Sheet on Six Day Test 


Lbs. Total 
per oO. Total Per 
Materials charge charges Total lbs. tons cent 
Sloss hard 11,400 985 11,229,000 5,012.9 73.04 
Brown ore .- 3,800 985 3,743,000 1,849.5 26.96 
Total ore ........ 15,200 985 14,972,000 6,862.4 ..... 
Coke f Wet .... 6,416 985 6,320,000 3,160 ..... 
Dry .... 6,253.6 985 6,159,808 3,079.9 ..... 
limestone ....... 595.8 985 586,880 262. ..... 
Scrap iron ....... 00 ceeeeee A 277,760 124 ~~ ..... 


_ (Scrap iron is other than runner scrap, but is that which 
is caught at slag screen and is an accumulation of one month). 


Ratio of carbon to gross burden ...........eee eevee 1 to 3.17 
Per cent of gross burden yield ...........0.ecceeeeeeus 37.4 
Average cu. ft. wind blown per min. (363 cu. ft. per rev.) 47,444 
Average blast pressure (Ibs. per sq. in.) ............ 20.6 
Average top pressure (ozs. per sq. in.) .........-.-5- 12.0 
Average top heat (approximately), deg. F. ............ 600 
Average stove heat, deg. F. ......... cece cece ceeeeeeee 1,199 
Average warm blast (cold blast) heat, deg. F. ........ 466 
Average chimney valve heat at stoves, deg. F. ........ 801 
Average waste gas heat, deg. F. ........ cee eee e eee eee 499 
Average Ibs. coke per ton of iron, Ibs. ................ 

StYe Sele eihie Rib Gains St aeoaet (Wet) 2,220.6); (Dry) 2,164.3 
Average pounds ore per ton of iron .........e cece eee 5,260.7 
Average pounds stone per ton iron ..........c cece eee 206.2 
Theoretical metallic yield (94% Fe in iron), per cent... 43.15 
Actual metallic yield (based on 2,794 tons account scrap 

ION). PEL” CON tes oid ee ie Saw ede haere. aera Pee we ais 40.71 
Pounds of flue dust caught in dust catcher (6 days).... 84.440 
Pounds of flue dust caught in sump, (6 days), (dry).. 36.608 
Total flue dust caught, Ibs. co... cc eee ee eee 121,048 
Total pounds flue dust per ton of iron... 2.0.0... 006 42.53 
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catcher after this hard move was as much as was 
caught the following four days. 

After the furnace made this hard move, it seemed 
to work very smoothly during the remainder of the 
test. The pressure dropped back to 18 or 20 lbs., re- 
maining so except, of course, for about 30 minutes 
following each cast, when it would be up about 2 or 
3 Ibs. 

The dust caught in the primary dust catcher for 
the six days weighed 84,440 lbs. The dust caught by 


Iron Production, by Grades, for Six Days of Test 


Casts Tons Grade Sil. Sul. Phos. Mn. 
1 70 2F 2.18 .036 a7 .52 
27 28 2.53 .034 77 .52 
2 95 2F 1.94 -038 77 46 
1.90 -034 77 416 
3 5] 1S 3.10 .031 77 .56 
20 2S 2.60 -028 77 56 
4 94 2Fr 2.00 -034 7 48 
2.00 .032 77 48 
5 98 2s 2.55 -027 77 oH 
2.57 -026 77 4 
6 108 2F 1.95 031 .79 50 
1.95 .027 .79 .50 
7 95 3F 1.70 -035 .79 57 
1.67 032 .79 57 
8 80 2F 1.85 .031 .79 60 
1.85 .031 79 -60 
9 97 3F 1.60 .030 79 .57 
1.55 .026 .79 .5/ 
10 100 3F 1.60 .030 .79 57 
1.56 .026 .79 .57 
11 103 3e 1.55 .030 .78 -53 
1.55 028 78 .53 
12 94 3k 1.30 036 78 56 
1.27 037 78 56 
13 37 3F 1.62 035 78 57 
9” 2F 1.88 035 78 .57 
14 90 2F 2.20 032 .78 57 
1.88 035 78 57 
15 86 2F 2.21 033 .78 .54 
2.26 034 78 54 
16 105 2F 2.21 032 73 .62 
2.00 035 73 .62 
17 44 28 2.30 038 73 .59 
45 2F 2.14 037 73 259 
18 101 2F 2.25 037 73 -63 
2.20 036 73 .63 
19 95 2F 2.00 041 73 61 
1.85 038 73 61 
20 90 2K 2.00 037 73 -60 
1.91 034 73 -60 
2l 50 2S 2.29 040 .80 .46 
52 2F 2.11 .036 .80 .46 
22 57 28 2.49 -034 .80 44 
35 2K 2.16 .033 .80 44 
23 96 2s 2.40 -032 .80 245 
2.48 .032 .80 245 
24 97 2F 2.15 -034 .80 42 
2.15 .032 80 42 
25 98 2F 2.21 .032 80 55 
2.10 .030 80 55 
26 9] 2s 2.83 .031 77 ae 
2.83 -029 a7 52 
27 90 2k 1.95 .034 77 .49 
1.91 031 7 .49 
28 106 25 2.50 030 47 52 
2.40 033 77 52 
29 92 28 2.70 025 77 48 
2.61 .024 77 48 
30 96 2h 2.10 -034 . 52 
2.06 -030 77 52 

30.2835 


11 of “Jumper Iron” 


Total— 2846 
Average ...........000. 2.04 .032 77 53 


Average daily tonnage for six days .......ccceeeeeeeees 474.3 
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Sectional views of recuperator which with the hot blast stove heats the air. 


the Dovel gas cleaner and deposited in the sump was Flue Dust Test Made of Gas in Flue from Stoves, Aug. 2, 1928 
taken out immediately following the test, loaded ina SSS SSS SS SSS ee 
or : 3 No.1 No.2 
car and allowed to drain over night. Then a moisture 
sample was taken and the dust weighed, which showed Temperature gas at meter, deg. ......... 100 93 
51,200 lbs. dust wet basis. The moisture test showed emperature gas in flue, deg. ......... 670 665 
28'5 a ‘Whheiatit-ok duck feome aun «dey basis Cubic feet gas metered ..... sa bGine see te 29.829 16.877 
J per cent. Veignt of aus sump 0 y Das Cubic feet gas standard conditions ..... 27 .698 15.869 
36,608 Ibs. This makes a total of 121,048 Ibs. of dry Grams: dust vacsinscacsnromis ones dnoternce 2256 .1034 
dust produced from the primary dust catcher and rams dust seater eee pases i td 
; « pla : i ; ; srains dust per cu. ft. test conditions.... . - 
Dovel gas cleaner during the six day test, or 42.81 Grains dust per cu. ft. standard conditions 12 .1000 


lbs. per ton of iron produced. Dust in the gas going 


SUMMARY OF TESTS—DOVEL GAS CLEANER 


Trial number 1 Zz 3 4 5 6 7 

Filter number 1 2 3 4 5 6 7 
Date exc cc ais cot neme were nant eitweeenaiendistraunsueesetime 4/28/28 4/28/28 = 4/28/28 = 4/28/28 94/30/28 94/30/28 4/30/28 
Average gas pressure, inlet side of cleaner (3 points) ins. Hg. Agi eee gk 9 Seats | ee eaes TAS <sdechall  adwantes 
Average gas pressure, outlet side of cleaner (3 points) ins. Hg. We. hagteetek. . dwar axa TOS cksteaioea?. >» .nmieeea 
Aver. gas pressure, drop through of cleaner (3 points) ins. Hg. cl. suetete seadatier Seaweels Sho. Heaedices) Caceres 
Average gas temperature, inlet side of cleaner (3 points) deg. F. 75. inane, weadion.- anesec 50S) sascche  “aermvewe 
Aver. gas temperature, outlet side of cleaner (3 points) deg. F. 30° awative, <Swreetice  wxieeeee AOD). wirecinive — ncieieioreys 
Aver. gas temp., drop through of cleaner (3 points) deg. F. AS) <chatee Ghotiesser seacans AS: hier wagons 
Gallons water per minute through cleaner ............0.0008 O10. asnsins aueaietic saiesan’ SIO: eatisecee | wdwiesey 
Temperature water inlet to cleaner, deg. F. ...........00e0ee MIS. adscia- “seacrae saacsers MID. ckawenie . weneaels 
Temperature water outlet from cleaner, deg. F. ...........- 128) Acceeee - ekawes asvases 129 ‘eevee . Weare 
Temperature rise of water in cleaner, deg. F. ...........006- 10) sisasce  siaweewex  srdecrae WO: castinaias, isiserevis 
Btu. absorbed by water per Min. ........0.sceeeeeececeereeee 25700) Anchess Sawa “stesaee ZOJOUN Gvwstag> sweeaes 
Per cent of loss absorbed by water ......scccesesecceseoneees 72.” “eieeseer Tie thtite o Muse hee 68.5) Seeeeme,  wisiersarets 
Duration Of test: minutes! iis .ccasscjcnckacesaaciucauaceas en 60 50 55 40 55 60 60 
Gas Meter—Cu ft. gas: (Test conditions) ...........-.0e06 17.691 18.56 21.188 15.925 20.328 23.977 16.232 
(Standard conditions) ............- 15.2 15.367 17.4 13.377 18.905 19.35 13.635 
Diusst) tit Biltef— Grains isis ccc caicccoe ota. 8b ees ec saweeswarnenwe te 3854 4030 .5752 -4480 -4906 -6126 4343 
Grains. gates cee sitinsaaerawacambaatiawansnaaee 5.946 6.1191 8.876 6.913 7.571 9.454 6.7021 
Gas leaving cleaner § Grains per cu. ft. gas (test conditions) .. .3305 .329 -418 -434 .372 .352 .419 
( Grains per cu. ft. gas (standard conditions) 3912 .398 .510 .510 -400 48 491 
Meter Data—Dry bulb temperature, deg. F. ..............0.. 95 100 102 101 74 110 107 

Pressure of gas at meter (ins. HG.) ......... 15 15 15 AS 15 15 15 
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TOTAL IRON MADE, BY GRADES, AT CITY FURNACE NO. 2, FIRST EIGHT MONTHS, 1928 
Total made 4.25 3.75 3.25 2.75 2.25 1.75 1.25 1.00 
Months each month 4.75 4.25 3.75 3.25 2.75 2.25 1.75 1.50 Mott. 
JAaNUATY: fed sisicosaie necks s 13,230 sea ee 281 1370 4838 6001 740 Metis 
February ..........e cece eee eee 12,600 ue 82 681 4553 5904 1380 wleiete : 
March eed iscals cated ecaere Sarees 6 13,640 ‘ 362 1071 5473 5301 1244 189 
Aprils csissancetinaind caaiee eeu 13,060 She 751 1145 3947 §592 1390 235 
Vane EEN Rieke acane he dia de OR ER eels ee nie tea 31 aot a 4611 pet pai per 36 
UNE esos ence eee dedas cacawiede 5 Lass ee 4466 
Vly: sretisistves ecteciersveria eeare orate 13,730 70 174 956 1241 4166 5592 1531 AK 
August: oii Fe ce aicle wen eters eee 560 30 aed 791 1750 5707 4521 761 cts 
Total. 260s asie ses laetamees 106,900 100 205 3683 7777 37761 43017 13465 856 36 
Per Cétit iiss .ccuveaeecisseeee | Metieend .09 19 3.45 7.28 35.32 40.24 12.60 .80 03 
from the gas cleaner to boilers and stoves is not in- 
cluded, but the clean gas from the gas cleaner con- Operating data 
tains .3 of a grain per cu. ft. 
Ratio carbon to gross burden ...........0.-.-eeeee 
Screen Test—Recrushed Sloss Hard Ore Per cent gross burden yield .......-......--eseeeeee 
From Crusher eet ee 
Retained on— Per cent Pans ae Ge a ora ee eae 
Cubic feet wind blown per pound of coke charged.. 58.4 
er Average slag analysis— a 
1.9 SICA. os siewies Menon nares Anais a haa sess 38.18 
- gg ae Sard siat8 0S See e Mees REAAR ARR AT 15.34 
MIMO ieaisoeaicsc cane ob ahd Rata w Ros hoe eades sae ee 46.09 
ae Sulphur: ois cccaseces foe sae se es van daw ee 1.17 
ey Average ore analysis— 
, Silica 0s ood ened ak oh tenia ocas ened es 11.35 
6.6 Alomina (eid once duct. hap cee ea aceaw eet nes 3.39 
1.5 - Mets iron ehecseis oe idk coaioedae e's Seeedine ee 39.11 
4.5 AnsOl: — 5 cccdsocsinctiiet.c hereued ve whey he wapivee ais 13.64 
4.7 LAM G2 i25 Siders. hae.b-o5 see ekeee saioatna eee ae 24.20 
2.6 Manganese ............cccceccecceceeceeces 39 
. Phosphorus whistenee wats «Saeedawadecss Soares 31 
‘i C36 oo eer G Oe oie a obi e hao RS PERL EERA 54.75 
200 mesh oc oescceeseseesceeseesenes 3.1 Aveta Ce areieee: 
roug: MOS INSTR ee sie aise tik gains Saas None Youle aati sian eae iehawiole serail eas 1.66 
IXEd. CAPDON: cociisis oes ete e s ewe ede eR cee 84.89 
From Mines Ash ..... Wei ae Sed nop salee CaN aCe eel eieeaa's wees 13.79 
Sulphur Bled OS te edible vente nee eve Ramee gales -70 
: — OISCUEE ssiies essere eddie Sees veh Mba dieetens 3.21 
Retained on Per cent Average daily output, tons .............ecceeeeeeee 438.1 
Bi, CANE: ea SPER Rhee ieneat 15.8 
2% in Se Pee eer ee ee es ee . 
Oo IN, ass ehanleatneuteeea dae eeelnns ose 21.3 Ore Analysis 
VAS chs He ee bein eyes oor we 10.7 
Me ANS eee aa adele ceetaten tase haates 9.8 Sloss hard Brown ore 
AR ane eee rei eee ee 8.07 (Sept.) (6 days) 
<2 me § Sera lagvenvacate Sars waeroa ue cateease 5.2 per cent per cent 
Pea vihea fac 284 ie heen bees 8 i 
eek oe 3.2 Silica ....... esses, 11.24 9.69 
TO mesh cag cake nse cedeeaaiees eeeteee's 8 Alumina ............ 3.26 2.40 
20 mesh, ss sae cat eCaas carats eos soon. 2.3 Met. iron ............ 36.57 51.43 
40 mesh ....0. 0. cc cecec ccc eeeeeeeeee 2.4 Insol. .. ss eeeeeeeees 13.27 12.10 
60 mesh .......... 0. cc cece cece eens 1.3 Lime (CaCOs) .. 29.76 seas 
BO meshiiieciz.e ie pajssuernatien peeks 1 Phosphorus ......... 31 42 
100 mesh .......... ccc cece cece cee eeee 3 Manganese .......... 18 1.06 
200. MeSH a ea es oh eed See en eee ers 1.5 
Through 200 mesh .........cscceceee. None Limestone 
Per cent 
Operating Data No. 2 City Furnace Si 
h NGA) siiercs Beda see leew eee tee ees .80 
January through August, 1928 Alumina. -.s3.55.24-80- a 04 va vSed eee cee Res .60 
Lbs. per Average Average CaCOs Wd a oPay Site ge ncdine: Saou el w veiele a fee eae eee cae 55.80 
@hecharge ihtala~ charge. per day hee dea MgCOp § ch drucva pce ouheb vatnrraiivs theta 42.80 
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Chain Transfer Tables for Blooms 


Routing from the Shear to Four Distinct Operations Is Accom- 
plished, thus Allowing the Special Treatments Necessary 
in the Production of Alloy Steel Blooms in Quantity 


a wide variation in analyses involves several difh- 

cult problems in the routing and treatment of 
material. For, having once reached the bloom stage, 
different steels require different treatments before 
further processing, which gives rise to problems con- 
cerning the most economical method of routing large 
quantities of material coming from a single source, to 
any one of several destinations. For example, in the 
new plant of The Timken Steel & Tube Company, 
blooms coming from the shear must be routed, accord- 
ing to analysis, either direct to the next rolling op- 
eration in the 28-in. mill; to continuous reheating 
furnaces, to thermal conditioning pits, or to a point 
where they can be pickled and ground, or chipped, be- 
fore reheating and rolling. In other words, large quan- 
tities of material coming from one operation must be 
diverted to any one of four others, with as little pos- 
sible obstruction to the production stream, either pre- 
ceding, or subsequently. 

In this particular case the solution has been ar- 
rived at by means of a chain transfer table which 
incorporates several novel features in design and con- 
struction. The table, which has an overall length of 
81 ft., and a width sufficient to accommodate either two 
rows of 9-ft. blooms, or a single row of 18-ft. blooms, 
was built with special regard to the service desired. 
It is located at right angles to the shear runout table, 
so that it can handle all blooms coming from the 
shear, regardless of their ultimate destination. 


Tes quantity production of alloy steels covering 


Design of Transfer Table 


The construction of the table proper is quite simple. 
It consists of a series of heavy rails, acting as skids, 
supported by a structural steel frame work consist- 
ing of heavy transverse channel members about 6 ft. 
apart, which are in turn supported at the ends by 
structural uprights, which, for greater rigidity are 
braced by cross members extending from the top of 
one column to the base of the adjacent ones on each 
side. Further rigidity is given to the individual sup- 
ports by gusset plates at the joining angle of the 
transverse and upright members. The table has a 
total rise of 6 ft. from the charging to the discharge 


and, above ground level, with a level point about 15 ft. 
from the end nearest the hot shear, where the runout 
table leading to the 28-in. mill is located. This arrange- 
ment gives the operator a clear view of the blooms on 
the table during the whole course of their travel over 
it, from his pulpit over the charging end. 

Bloom travel is accomplished by four endless 
chains, provided with carrying dogs, which extend 
4 in. above the surface of the skid rails. The chains 
are driven from four sprockets mounted on a common 
shaft at the delivery end of the table, and run over 
four spring sheave take-up sprockets at the shear table 
end. The drive consists of a 90-hp. 220-volt compound 
wound, mill type motor, which drives the sprocket 
shaft through a reduction unit which gives a chain 
speed of 150 ft. per min. The motor is provided with 
a solenoid brake to insure quick stopping when blooms 
are to be spotted on the runout tables that deliver 
them to various destinations. 

The four sprockets at the drive end are mounted 
on a common shaft, which is coupled directly to the 
main gear shaft of the reduction unit. The sprocket 
shaft in reality consists of two sections of about equal 
length, coupled together. Thus either section may 
be removed, if desired, without disturbing the rest of 
the assembly. The shaft is supported by five pillow 
blocks, so located as to give it the greatest possible 
rigidity, that are equipped with Timken bearings. The 
mountings are quite simple, the two bearing cones 
being pressed on the shaft, and the cups located by a 
shoulder on the inside of the plate which forms the 
outer closure, adjustment being obtained by means of 
shims. The pinion and gear shafts of the reduction 
unit are also mounted in Timken bearings. 

The mounting of the take-up sprocket bearings is 
quite different. The sprocket bearings are located in- 
side the sprocket hub proper, the cups being pressed 
against shoulders inside the hub, and the cones given 
a light fit on the shaft. The cones are located by a 
sleeve which fits around the shaft inside the square 
sliding block, and are locked in place by nuts on the 
end of the shaft. The outer closure is formed by a 


(Continued on page 1570) 


(Left)—General view of the transfer table from the operator’s control station. (Center)—The control station, showing the 
control panels and master switches for the chain transfer and runout tables. (Right)—The table drive, showing the type 


of roller bearing pillow blocks used to support the shaft. 
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Value of Insulation in the Steel Plant 


A Practical Review of the Various Applications of Heat Insulation 
to Furnaces and Auxiliary Equipment — Cost and Savings 
Compared Show Substantial Returns on the Investment 
By L. B. McMILLAN* and J. D. Van VALKENBURGHt 


HE use of heat insulation as a measure of econ- 

omy and as a means to improve production has 

assumed new importance in the steel industry 
during the last 10 years. With advancing operating 
costs, keener competition and a falling off of markets, 
the plant engineer must concentrate his attention on 
the employment of the most profitable features of 
improved furnace construction. 


A handsome return on investment available to an 
industry primarily concerned with the generation and 
application of heat may be secured by spending for 
suitable insulation that which otherwise will shortly 
be spent in wasted fuel and impaired production. 

The intention of this article is to briefly discuss 
utility of insulation in the blast furnace and steel 
plant, show what it accomplishes and illustrate its 
usefulness on certain specific furnaces. Generalities 
do not satisfy the needs of the designer, but an 
analysis of the uses of particular materials and ap- 
proved details of application requires special treat- 
ment. For present purposes it is sufficient to say that 
much progress has recently been made in the develop- 
ment of thermally efficient insulating materials, cap- 
able of withstanding high temperatures, and with 
physical properties suited to uses where insulation of 
any sort has formerly proven inadaptable. 


Heat Wasted by Radiation 


While divers savings of various magnitudes in 
different furnaces result from the proper use of suit- 
able insulation, the one which ordinarily lends itself 
most readily to arithmetical expresson is direct reduc- 
tion in heat loss per square foot of furnace surface. 


Some idea of the extent of these losses may be 
gained by referring to the chart in Fig. 1. If observed 
temperature difference between outside surface of the 
furnace wall and room air is located on the horizontal 
scale, the heat loss per square foot per hour may be 
read on vertical scale for various air velocities over 
the surface. 


If outside surface temperature cannot be estimated, 
but brick temperature on the furnace side of a certain 
thickness of firebrick is shown, then bare loss for zero 
air velocity over the surface, and 75 deg. F. room 
temperature, may be discovered by reference to the 
chart in Fig. 2, prepared for conservatively low values 
of firebrick conductivity and published herewith for 
the first time in the form shown. Selecting a furnace 
temperature for a certain brick thickness in the lower 
left hand portion of the chart and projecting hori- 
zontally in a right hand direction to the curve marked 
“zero inches” of insulation, then projecting vertically 
upward to the intersection of the transposition curve 
in the upper left hand corner of the chart, the Btu. 


: oe engineer, Johns-Manville Corporation, New 
ork, 
TEngineer, Johns-Manville Corporation, New York. 
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loss may be determined directly by projecting hori- 
zontally to the Btu. scale at the left. 

If instead of using the “zero inches” of insulation 
curve, an actual value be assumed for insulation thick- 
ness, corresponding heat losses for given conditions of 
operation may be read from the chart by proceeding 
as outlined above. 


Factors Governing Insulation Thickness 


If it be assumed that the proper insulating material 
has been selected for a specific application, and a 
satisfactory manner of introducing it into the con- 
struction of insulation should be used resolves itseli 
into a determination of economical thickness—a _ bal- 
ance between cost per year of insulation, and cost of 
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heat loss per year plus other evaluated benefits. The 
other conditions which must be met take cognizance 
of the temperature limits of the refractories used in 
the construction, and provide that the insulation itself 
will be subject to a range of operation wherein it will 
maintain suitable physical characteristics. 

Methods of computation are available for apprais- 
ing the importance of these interrelated factors, and 
anyone familiar with performing the calculations sven 
arrives at the logical solution. The chart in Fig. 2 
permits one to determine the approximate economical 
thickness by the use of graphical methods, which will 
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FIG. 2—Chart showing heat losses and their cost for various operating conditions. The use of this chart assumes solid fire- 
brick walls and still room a:r at 75 deg. F., and neglects side flow of heat and conduction through steel work. 


be explained in the following paragraphs. Other con- 
siderations which effect the determination of thickness 
will be apparent from subsequent discussion of indi- 
vidual applications. 


Direct Savings in Heat Loss 


Projecting to the right on the chart in Fig. 2 from 
scale showing Btu. loss per hour to line marked with 
the value of heat units per million Btu., then down to 
hours of operation per year, and right to the scale 
marked “dollars per square foot per year,” the cost 
of heat lost per square foot may be read directly and 
without computation, 

As an example of the utility of Fig. 2, suppose 
that a 1,600-deg. F. furnace with 13%-in. firebrick 
walls insulated with 3 in. of insulation is continuously 
operated in such a manner that worth of furnace heat 
is $0.40 per million Btu. From the chart it will be 
observed that the heat loss per square foot per hour 
totals 220 Btu., and that the worth of heat lost per 
square foot per year equals $0.77. If worth of heat per 
million Btu. is high, say $1.00, it will often be more 
convenient to read the chart for a lower value, say 
$0.20, and multiply the final result by the proper con- 
stant, in this case 5. 

The chart may thus be used for two different 
thicknesses of insulation and the same furnace condi- 
tions to determine the amount of the saving per year 
which results from the use of the thicker insulation; 
or, similarly, a contrast may be made between the 
cost of heat lost with no insulation and with a certain 
thickness of blocks. 
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It should be noted that surface temperature, as 
such, has no definite bearing upon heat loss. Surfaces 
at lower temperatures may be losing more heat, and 
surfaces at higher temperatures may be losing less 
heat, all depending on conditions of air velocity, air 
temperature, reflecting or re-radiating surfaces and 
other factors, some of which may have little effect 
on total heat transmitted through the wall. For cal- 
culations based on heat transmission alone, however, 
as graphically shown in the chart in Fig. 2, the factors 
causing variations in surface temperature have a 
diminished importance in determining the accuracy 
of the result, and figures obtained from the chart for 
all ordinary conditions of furnace operations are there- 
fore comparative. 


Economical Thickness of Insulation 


The chart in Fig. 2 has been so constructed that 
any condition of inside brick temperature, and brick 
and insulation thickness which appears in the lower 
left hand corner, is safe for use in as far as the usage 
is dependent upon temperature resisting capacity of 
the insulation or refractory value of ordinary firebrick. 


Except for constructional features, then, the thick- 
ness of insulation, as far as ordinary arithmetical 
evaluation is concerned, should be such that the last 
increment of thickness just pays fixed charges on cost 
of labor and material incidental to its erection. 


If no insulation is used on a furnace, the user must 
pay the entire yearly cost of bare furnace heat loss. 
If a certain thickness of suitable insulating blocks are 
supplied with the construction, the user must pay the 
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yearly cost of a reduced heat loss and also the yearly 
cost of insulation material and erection. Both of these 
costs are charges against furnace operation. The thick- 
ness of insulation at which the sum of these costs is 
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FIG. 3—Insulation in the blast furnace. Sketch showing rings 
of insulation for supporting filling material between blast 
furnace shell and upper inwalls. 


a minimum therefore constitutes the economical thick- 
ness. This condition exists when the final increment 
of insulation just pays fixed charges against its cost. 

Supposing that the insulating blocks, in place, cost 
an average of $0.20 per square foot per inch of thick- 
ness, and that fixed charges covering amortization, 
interest, insurance, taxes, etc., amount to 25 per cent 
of initial cost, then the cost per year of insulation 
averages $0.05 per square foot per inch of thickness. 
In this case the economical thickness of insulation 
would be approximately that with which the final inch 
saves $0.05 worth of heat per year. By following 
through the chart in Fig. 2 for successive inches of 
insulation thickness, the point may be reached at 
which this condition exists, and the approximate eco- 
nomical thickness thus determined by trial. The size 
of the chart may render interpolation difficult, but the 
effect as noted is easy to discern. 


Insulation on the Blast Furnace and 
Accessory Equipment 


It is often true that other considerations enter into 
the analysis, and not infrequently the determining fac- 
tor in the specification of insulation is not heat loss 
at all, but rather equalization of the load on refrac- 
tories, reduction of air leakage through the walls or 
other matters of even greater import than radiated 
heat. The importance of these factors will be some- 
what clearer after a general discussion on the effec- 
tiveness of insulation as applied to particular furnaces. 
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The blast furnace itself has been usefully served 
by installing rings of an exceptionally durable insul- 
ating block at each second lap of the steel shell sur- 
rounding the inwalls, as shown in Fig. 3. In order to 
stand up under the stress transmitted to it by expand- 
ing brick and still maintain the necessary resilience, 
the insulation used for this purpose must be of a par- 
ticular character, specially manufactured for such 


~ usage. The rings themselves keep the filling material, 


sometimes used between inwalls and shell, from 
settling over a greater height than the distance from 
top to bottom of two plate courses. Furthermore, 
high temperature furnace insulation is now being 
manufactured which may economically be used to re- 
place the loam or slag sometimes used over the upper 
inwall without danger to refractories. 

One function of insulation in connection with the 
blast furnace and its accessory equipment may be il- 
lustrated by hydraulic analogy. 

Suppose a mill dam 15 ft. high has 1 in. of water 
flowing through the flume to the waterwheel. Then 


FIG. 4 (upper)—Erecting the lining in hot blast stove. First 
row of insulating blocks is in place against the shell and 
brickwork is just started. Base insulation as shown at the 
bottom has been allowed to harden and set before any brick 
is laid. FIG. 5 (lower)—Hot blast stove insulation and 
brickwork. Progress picture showing the construction of 
side combustion stove at the plant of the Shenango Fur- 
nace Company, Sharpsville, Pa. : 


suppose that due to a change in level, 11 in. of water 
flow through the flume. This flow is independent of 
the fact that the dam is 15 ft. high, and the percentage 
difference in total depth of water on the upstream side 
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of the dam is only 5% per cent, but the effective 
amount of water available to do useful work below 
the dam in the second case is increased 1,000 per cent 
over the first case. 

Similarly, if a blast furnace is operated with cold 
blast, the heat of the coke is just about enough to 
smelt the iron. Any additional heat that can be sup- 
plied may constitute a very small percentage of the 
total, but may represent a very large percentage of 
the heat available at a high enough temperature to 
carry on the necessary chemical reactions. This per- 
mits leeway, generally improves furnace operation, 
and makes for better control. 

If this additional heat is so conducive to improved 
operation, how can it be supplied? The answer, of 
course, lies in the universal practice of heating the 
blast; the proper insulation of hot blast stoves, mains 
and bustle pipes; the dehumidifying of blast air, etc. 

The importance of heat conservation in hot blast 
stoves, mains and bustle pipes has long been recog- 
nized. If the expense of heating the blast is so well 
justified it is certainly worth while to take some pre- 
cautions to keep the air at high temperature till it 
reaches the tuyeres. 

In the early days of Thomas recuperative stoves, 
it was the custom to test the hot blast with strips of 
lead and strips of zinc. If the lead melted, the blast 
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FIG. 6—Hot blast main insulation. Drawing illustrating 
application of insulated lining. 


was thought to be hot enough to do its work, but if 
the zinc melted, it was too hot and would ‘burn the 
iron.” Such ideas seem ludicrous in the light of the 
present day knowledge that every extra available Btu. 
in the blast ordinarily means improvement in furnace 
operation, and combustion air of a temperature of at 
least 1,000 deg. F. is listed among first requisites to 
satisfactory performance. 
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Where methods of cleaning the blast furnace gas 
do not necessitate the wasting of sensible heat, it is 
also practical to insulate the uptakes, downcomers, 
dust catchers, dry filters, etc. Of course, if wet scrub- 
bers or gas washers are used, the heat in the gas is 
wasted to water and little benefit results from heat 
conserved throughout the remainder of the gas line. 
However, except where gas engines are to be operated 
with blast gas, exacting dust requirements need not 
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FIG. 7—Insulation of open-hearth regenerators. Section of 
typical insulated checker chambers made up in accordance 
with recommendations for new installations. 


be met, and the use of dry cleaning equipment, in- 
sulated to save sensible gas heat, seems to be the 
logical order. 


Standard insulation specifications have been in use 
for years in connection with lining hot blast stoves. 
Base insulation for stoves is rather recent in compari- 
son, but at present is considered as important as water-' 
proofing. For such applications as these, the problem 
of heat conservation is no longer a matter of trial and 
error. Materials and methods have been developed to 
a stage where there is no question as to what consti- 
tutes best engineering practice. 


Aside from the points usually mentioned with re- 
spect to insulated blast stoves, there is another which 
is by no means of small importance, and that regards 
the decreased range of hot blast temperature varia- 
tion. It is common knowledge that better blast fur- 
nace control results from more uniform temperature 
on the blast, and best practice directs that the maxi- 
mum drop in temperature should not exceed 100 deg. 
F. per hour. By curtailing the extremes of tempera- 
ture variation within the stove during the entire cycle 
of operation, a properly insulated lining has an im- 
portant beneficial effect on limiting the range of tem- 
peratures. 

During the last decade improvements in design, 
such as mentioned above, have been so marked as to 
increase hot blast stove furnace efficiency from about 
50 per cent to about 70 per cent. Such savings as 
these count for a great deal more in overall efficiency 
of the plant than their proportional saving ,of heat 
units, though this in itself is enormous. 

In the matter of delivering high temperature blast 
at the tuyeres, the insulation of mains and bustle pipes 
is equally vital. There can be no question of the de- 
sirability of this practice if reference is made to the 
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numerous successful installations of high temperature 
block insulation between the steel shell and the fire- 
brick lining of mains which have been in extended use. 

A lining failure in hot blast main or bustle pipe 
is an affair of no mean consequence. The cost of labor 
and materials incidental to repair is a factor without 
importance compared to interruption of production 


FIG. 8—Billet nearne furnace insulation. Drawing illustrative 


of a standard insulation specification as applied to one type 
of billet heating furnace. 


and furnace difficulties. The superintendent is well 
justified, therefore, who eyes with suspicion the gen- 
eral use of any but well tried methods and materials. 
Linings are subject to harsh abrasive action, enormous 
stresses from firebrick expansion, and general severe 
operating conditions, all of which demand the use of 
a mechanically strong block with insulating quality 
of the first order, capable of enduring high tempera- 
tures without harmful effect upon its physical prop- 
erties. 

These specifications may seem hard to meet, but 
developments in this field have been rapid in the last 
few years, and it is now a matter of current report 
that the insulation of hot blast mains and bustle pipes 
presents no further problem. The cost of insulation is 
returned in full during the first few months’ operation 
by virtue of heat saving alone, to say nothing of longer 
life of refractories through heat equalization, and im- 
proved furnace performance. 


Insulation on Open-Hearth and Soaking Pit 


The application of insulation to open-hearth fur- 
naces is at present precluded by the fact that furnace 
operating temperatures so nearly approach the limit- 
ing temperatures of refractories ordinarily used in 
open-hearth construction. However, the insulation of 
the regenerator walls and arches is entirely feasible, 
and very substantial results are now being attained 
by this means on numerous installations. 


Actual economies of operation are much greater 
than would be indicated by calculations based on 
increase in temperature of preheated gas and air, be- 
cause suitable insulation properly applied also mini- 
mizes leakage through regenerator walls. New and 
old checker chambers are insulated according to 
slightly different specifications because of construc- 
tional features involved, but the general effect is the 
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same in either case, because the additional heat sav- 
ing that results from better construction such as may 
be used on new regenerators is offset by lessened 
leakage through cracked walls of old regenerators. 

Decreased fuel cost per ton of steel, increased 
speed of heats, diminished air leakage, increased flue 
temperature to waste heat boilers, and in general more 
satisfactory service result from the proper use of in- 
sulation on open-hearth regenerators. Some or all of 
these benefits are secured to a highly profitable deg ee 
in every installation, and the many successful installa- 
tions have conclusively shown that the earlier fears 
as to possible ill effects on refractories were un- 
founded. 

Soaking pit furnaces and regenerators benefit by 
insulation in much the same manner as the open- 
hearth, except that the lower furnace temperatu es 
permit the application of insulation to the pits them- 
selves. This results in more uniform soaking tempera- 
ture in all portions of the furnace, assists in the elimi- 
nation of rolling difficulties that result from uneven 
heating; and, by conserving the heat of previous 
charges, soaking time for all stock except cold high 
carbon ingots may be reduced without forcing the 
burners or danger of burning the steel. 

The efficiency of the soaking pit, even including 
the regenerators is usually less than 10 per cent for 
uninsulated installation. This efficiency can be mate- 
rially improved and actual cost of upkeep reduced by 
minimizing temperature variation within the refrac- 
tories in an insulated furnace. A suitable insulation 
and casing applied to the soaking pit and to the re- 
generator walls with the elimination of some common 
brick, raises air temperature and reduces leakage, in- 
creases production, and cuts maintenance and _ oper- 
ating costs. 


Insulation on Rolling Mill Furnaces and Equipment 


In intermediate furnaces which prepare stock for 
further rolling, such as billet, bloom and slab heating 
furnaces or sheet and pair furnaces, the matter of even 


FIG. 9—Malleable iron annealing furnace insulation. Furnace 
constructed by the Carborundum Company of America at 
the plant of the Lehigh Foundries, Easton, Pa. Insulated 
with high temperature blocks. 


heating and close temperature control is of more im- 
portance than in the soaking pit. Oxidizing conditions 
must be avoided in all parts of the furnace, since with 
light sections scaling wastes a very appreciable per 
centage of the steel and causes-other difficulties by 
cementing the pieces together or by picking up bits 
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of brick and sand which scab the surface of the fin- 
ished material. 

Closer temperature control, more uniform heating 
and reduced air infiltration through the proper use of 
insulation in the furnace casing results in improved 
rolling conditions, less waste, a finer quality of prod- 
uct and better working conditions. Aside from this, 
the saving in heat radiation from a properly designed 
job is, by itself, quite sufficient to pay a highly satis- 
factory return on the insulation investment. There 
can be no justification, on a dollar and cents basis, 
for neglecting to provide adequate insulation in the 
construction of this class of equipment. 

For many furnaces in this group, the conditions 
throughout the industry are so similar that standard 
insulation specifications have been made up covering 
materials and their application to the various designs. 
The use of such standards should be governed by de- 
termining how close the installation under considera- 
tion falls within the limits of practice for which the 
specification was drawn. 


Annealing and Normalizing Furnaces 


The gross wastage incidental to annealing and 
normalizing operations has been greatly curtailed in 
recent years by improvements in furnace design and 
methods of handling the work. Not least among the 
factors that are responsible for decreased rejections 
are the realization of the importance that insulation 
plays in evenly heating all parts of the furnace and 
Its charge, and the attempt to abide by logical prin- 
ciples of design in preventing the flow of heat from 
those portions which tend to remain at lower than 
mean temperature. Here again are conditions where 
heat loss alone does not begin to explain the benefits 
that result from the proper use of suitable high tem- 
perature insulating blocks. 


A typical example might be selected in the field 
of horizontal sheet normalizers so generally used in 


FIG. 10—Kathner sheet normalizing furnace insulation. Fur- 
nace built by the Rust Engineering Company for the New- 
ton Steel Company. The progress photograph shows block 
insulation being installed in heat zone ton. 


present day practice. The designer of a well known 
continuous sheet normalizer, after numerous experi- 
ments decided upon the use of high temperature, low 
shrinkage blocks of excellent insulating value,-to be 
applied, where possible, in two layers, of thickness 
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specified in accordance with results of experiments. 
The insulating qualities of the material permitted the 
use of relatively thin sections to avoid bulkiness; the 
large size blocks hastened and decreased the cost of 
erection; and the double layer construction made pos- 
sible the avoidance of through joints, with correspond- 
ing reduction in heat loss. 


FIG. 11—Gas main insulation. Progress picture showing lining 
of cross-over being completed by installation of firebrick 
inside of high temperature insulating blocks which have 
been applied against the steel shell. 


The results, which the designer ascribes in no 
small measure to the proper use of insulation, include 
superlative deep drawing qualities, fuel costs well 
below general practice because of heat conservation, 
increased speed, better texture by saving the bottom 
heat, thorough normalizing through uniformity of 
temperature, and a standard quality of product. 
Scratching and the necessity of roller leveling are 
reduced to a minimum, and there is a marked decrease 
in the number of seconds, even when operating with- 
out waster sheets. 


Insulation in Producer Gas Mains 


Insulated linings in producer gas mains also effect 
operating economies entirely apart from saving in sen- 
sible heat. By maintaining a high temperature in the 
gas, the insulation inhibits the deposition of tarry 
vapors resulting from the breaking down of unstable 
hydrocarbons, which subsequently condense on the 
firebrick lining. These vapors by remaining in sus- 
pension increase the calorific value of the gas at the 
furnaces, and as a correlary effect, the length of time 
between shut downs for burnout is materially in- 
creased. 

The remarkable economies through hezt conserva- 
tion incidental to the proper use of insulation appear 
in producer mains as elsewhere. Heat loss through an 
insulated main lined with 4% in. of firebrick with gas 
temperature 1,400 deg. F. approximates 1,250 Btu. per 
square foot per hour. Insulated in accordance with a 
much used standard specification, this loss is reduced 
to 325 Btu. On the basis of heat worth $0.25 per mil- 
lion Btu. and continuous operation, the saving cor- 
responds to $2.00 per square foot per year on an out- 
lay of less than $0.35 per square foot of insulating ma- 
terials alone. 

The implication is not made that just any sort of 
insulation is suitable for use in producer main lining. 
On the contrary, a careful preliminary study of the 
physical properties of the proposed insulation should 
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be made at temperatures comparable to that experi- 
enced under operating conditions. Facts and figures 
from past experience readily show the character of 
construction that is most successful. 


Insulation on Other Steel Furnaces 


On the long list of furnaces used in producing steel 
shapes and mill products, such as wire and pipe, a few 
have been made the subject of general discussion. By 
inference, the considerations advanced in connection 
with particular furnaces may be adapted to apply with 
varying p:ecision to other furnaces where conditions 
determining the utility of suitable insulation are ac- 
cordant. 
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At the risk of appearing to emphasize the obvious, 
the point should be brought out that the manufacture 
and application of furnace insulating materials has 
grown into a highly specialized industry. The import- 
ance of furnace insulation and casing design is second 
only to the design of the furnace itself, and this im- 
portance justifies the attention of every furnace 
builder or user. 


The proper usage of insulation on any furnace is 
dependent upon a correct anaylsis of temperature con- 
ditions, the selection of the insulation best suited to 
meet all demands, and design based upon the judg- 
ment and experience of engineers well qualified to 
carry on this character of work. 


Wrought Iron and the Puddling Process 


High Grade Wrought Iron Is Still Manufactured for Certain 
Purposes for Which It Is Considered Superior to Any Other 
Material—Time Honored Processes Practically Unchanged 
By GEORGE A. RICHARDSON* 


T is not surprising in these days of constantly chang- 
ing and improved methods of manufacture in the 
steel business, of mass and tonnage production on 

a tremendous scale, that a very general impression 
should prevail that the old time method of producing 
high grade wrought iron by the puddling process has 
been discarded. Many firmly believe, all talk to the 
contrary, that any product sold as wrought iron is 
some form of mild steel made in large quantities in 
an open hearth furnace. 


The truth, however, is that not only is iron still 
made by this old time process, but an important source 
of supply is the Lebanon Plant of a corporation re- 
cognized as one of the most progressive steel making 
o ganizations in the country—the Bethlehem Steel 
Company. 

It is a striking and most interesting thing to 
realize that, despite modern progress and the demands 
for lower costs and increased production, this organi- 
zation finds it necessary to hold on to puddling and 
several other old time processes, simply because it 
has not been proved that new methods so far as de- 
veloped, can make products of the same grade of 
excellence. 


e 


.. h chem S‘eel Company. 


Few detailed descriptions of the puddling process 
have appeared in recent print. The facts that it has 
been handed down from earlier days and that manual 
labor and skill form such an important part, have re- 
sulted in driving it out of wide-spread use and thus 
have invested it with a certain air of mystery. Be- 
cause of this situation a rather complete account will 
be of interest. 


Definition of Wrought Iron 


What is wrought iron? In the broadest sense, it 
is any iron that has been worked or can be worked 
and shaped. Its manufacture from the earliest times 
has required the expenditure of a great deal of hand 
work and hard labor. It can be hammered and forged 
at a red heat, and is not appreciably hardened by heat- 
ing to redness and plunging into water. 

Wrought iron is a product in a class by itself, dif- 
fering from any in the steel industry, due to the fact 
that it is taken from the furnace in a solid condition 
ready to roll. It is particularly useful for certain pur- 
poses because of its physical structure, fibrous in 
nature, which gives it great toughness and the ability 
to stand up under severe vibratory and cooling and 
heating stresses. Furthermore, it is very resistant to 
corrosive action. 


(Left)—Puddle mill stockyard. Ore for lining furnaces in pile in background. (Center)—Puddling furnace. Rabbling. 
(Right)—Taking ball from puddling furnace. 
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Wrought iron is unquestionably the first form in 
which iron was ever used, and the history of its manu- 
facture therefore goes back many thousand years. 
Originally it was made by heating in direct contact 
with wood charcoal. Later pig iron was used but 
charcoal remained as a fuel because coke and coal 
contained too much sulphur. In 1784 the process of 
puddling was invented by Henry Cort. An improve- 
ment which followed was the development of a rever- 
beratory furnace, which made possible the use of 
bituminous coal. A few later improvements followed, 
but in general it can be said that the essentials of the 
process have remained the same for more than 100 
years. 

Essentially the puddling process consists of the 
following steps which will be described in detail later. 
A small charge of pig iron is melted down under 
highly oxidizing conditions in a reverberatory furnace 
lined with iron ore. Carbon, manganese, silicon and 
the greater part of phosphorus and sulphur are oxi- 
dized and converted into a fluid slag with the aid of 
heat and oxide of iron. Particles of pure iron separate 
out in a pasty state, but not molten, because the melt- 
ing point of pure iron is greater than the temperature 
of the furnace. These pasty iron particles coated with 
cinder are collected, and rolled into a spongy mass 
called a ball. The ball is then removed from the 
puddling furnace and subjected to various mechanical 
operations which squeeze out the slag and elongate 
the particles of iron into figures, a characteristic of the 
final physical structure. 


Specifications for Iron 


There are many individual specifications for 
wrought iron varying with the uses for which it is 
intended and the customers’ own individual ideas. 
Only the highest grades are made at the Lebanon 
plant, of which the more important are the following: 


Remelting Muck Bar. 


Phosphorus Not over 0.015% 
Sulphur Not over 0.015% 
Carbon Up to 0.20% 


Usually copper free 


In muck bar for remelting into crucible steel, car- 
bon will run from 0.06 per cent to 0.10 per cent. 


Staybolt Iron—Bethlehem Special Muck. 


Approximately 


Carbon 0.02% 
Manganese, less than 0.05% 
Silicon 0.10 to 0.14% 
Phosphorus 0.125% 
Sulphur 0.015% 


Engine bolt iron has higher tensile strength than 
above and contains more phosphorus, sulphur and 
manganese. 


Carbon 0.02 to 0.03% 
Manganese, maximum 0.10% 
Silicon 0.15% 
Phosphorus 0.15% 
Sulphur 0.017% 


Copper can be added in a reasonable amount for 
special purposes such as chain iron and other iron ex- 
posed to corrosive action. 
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Wrought iron skelp is also made. Composition 
can be varied to meet customers’ specifications. 

These and other specifications make it necessary 
to carry a number of grades of pig iron in stock, as 
much of the ability to meet varying requirements lies 
in the use of the proper kinds of material at the start. 
Hence in the stockyard will be seen, in addition to 
the large pile of ore which is used for the lining of 
the furnaces, numerous small piles of pig iron, each 
with its own number representing a distinct grade. 
These are kept well separated so that there can be 
no chance of accidental mixing. 

The actual manufacturing operations begin in the 
puddling plant. Here are located a mill for grinding 
the ore used for lining the furnaces; puddling fur- 
naces; mono-rail tracks for transferring balls of iron 
to the squeezer; squeezer; muck bar mill; weigh 
scales; shears, etc. 


The Furnaces 


The puddling furnaces are small brick furnaces of 
the reverberatory type. The bottom is built on cast 
iron plates about 2 in. thick with an air space under- 
neath for cooling. Those at Lebanon are considered 
to be the most modern type of hand-worked furnace. 
They use powdered coal as fuel. 

Powdered coal as fuel was first used here for pud- 
dling in 1907, Lebanon being a pioneer. Its advantages 
are the saving in fuel, in time of heats, and the elimi- 
nation of much of the hard work of firing. 

The powdered coal is ground in a separate dust- 
house and conveyed to hoppers at the furnaces by 
means of screw conveyors. A second screw with vari- 
able feed takes the coal from the hopper to the burner 
where it is blown into the furnace with air at low 
pressure. The variable feed gives the puddler regula- 
tion as easily as with a gas valve. 

A combustion chamber which will maintain suffici- 
ent heat to produce gasification and combustion before 
the flame strikes the cold stock is an essential feature. 
Otherwise the coal dust would tend to pile up on the 
stock, making melting difficult. In the combustion 
chamber much of the ash is deposited before it reaches 
the hearth where the material is being melted. 


For the moment we will consider that we are start- 
ing in with a new furnace. This means that a bottom 
will have to be made and the sides lined, finely ground 
iron ore being used for the latter purpose. 

The ore used is a lake ore known as “Beaver Fix.” 
This is a naturally crumbly hematite ore and comes 
to the plant pretty well broken up. It is ground to a 
uniform fineness, water being added toward the end 
of the grinding period to produce a stiff mud. 

A protective coating of hematite ore about 1% in. 
thick is laid on the bottom plates. On this is thrown 
a 4-in. layer of fine iron scale. Gradually, with heat 
on, the bottom is built up to a uniform thickness of 
about 2 in. 

This accomplished, the firebrick sides and endwalls 
of the furnace are lined with the wet fix, the thickness 
averaging 6 in. to 8 in. 

Once a furnace is in operation, work such as the 
above is done regularly at the end of a day’s turn. 
Usually this is more in the nature of a repair job and 
consists of building up those parts that have been 
eaten away by the flame, or abraded by the manipu- 
lation of the charge. 
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(Left)—Starting ball in squeezer. (Center)—Taking bloom from squeezer. 


After the bottom has been made and the walls 
lined, the furnace is ready for charging. Flux, which 
in this process is iron mill-scale, is first thrown into 
the furnace. From 150 to 300 Ib. are charged and 
spread uniformly over the bottom. The amount will 
vary with the impurities in the pig and the eeauines 
analysis of the finished product. 

About 1,200 1b. of standard pig iron are charged 
next. Everything is now ready to proceed with the 
run which is divided into a number of periods which 
will be mentioned in their respective order. 

As mentioned before, the puddlnig process is pri- 
marily nothing more than an oxidizing process. Hence 


(Upper)—Muck bar piles. (Lower)—Box piles. 
(Inset)—Slab piles. 
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(Right)—Rolling muck bar. 


the first steps are for the purpose of insuring thorough 
oxidation of the non-ferrous elements, which of course 
require proper melting down; and the later steps are 
for the purpose of getting rid of these products of oxi- 
dation, which are transferred to the slag, thus putting 
the metal into the best possible physical condition. 


Steps in the Puddling Process 


The first period is known as the “melting down” 
period. At this stage of the process the temperature 
of the furnace is maintained as high as possible. After 
about 10 or 15 minutes, the puddler takes a “paddle,” 
which is a long, square bar pointed on the end. With 
this he turns the pigs over and over, exposing the 
cool side, until they have been entirely melted down. 
The removal of the silicon commences at this time 
and continues through the next period. 

The second period, known as the “clearing” period, 
is sometimes considered as part of the first. After the 
iron has thoroughly melted down it is “cleared” for 
about 10 minutes. Silicon continues to oxidize out 
and go into the slag so that at the end of the time 
nearly 90 per cent has been removed. Phosphorus also 
oxidizes and goes into the slag. 

The clearing is accomplished by vigorously agi- 
tating the molten mass with a “rabble.” This is a long. 
square bar with the end bent at right angles. It en- 
ables the puddler to work the material down to the 
level of the hearth. 

“Clearing” is a very important part of the puddling 
process. If not done properly the iron will contain too 
much silicon and an excess of phosphorus and sulphur. 
At Lebanon very careful attention is given to insuring 
the proper clearing of the iron. 

The next period is that known as “bringing on the 
boil.” This sometimes is spoken of as being part of 
the actual boiling period. After the iron has been 
thoroughly cleared the damper on the furnace ts 
lowered and the temperature reduced in order to 
permit of the thorough mixing of the molten iron and 
slag. Gradually the molten mass on the hearth swells 
and rises and this marks the actual beginning of the 
so-called boiling period. 


“Boiling” is produced by the oxidation of the car- 
bon in the metal, the products of these reactions being 
gases. When the entire charge has been melted and 
cleared it has become thoroughly mixed with oxides 
of iron. These are not only found in the linings of the 
furnace, but are also provided during the melting 
period from the iron scale thrown in before the pig 
iron is charged, and react on the metal. As a result 
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of the combination of carbon with oxygen the tem- 
perature rises and the surface of the metal is agitated 
by the escape of CO gas generated by the reaction. 
This causes the swelling and appearance of boiling, 
from which the name “boiling period” is taken. 

About 15 to 20 minutes now elapse, during which 
the puddler is actively employed in “rabbling” the 
charge to thoroughly incorporate the oxides and iron. 
Cinder which rises to the top trickles and is pulled 
out through the door in the front of the furnace, while 
the iron itself sinks to the bottom of the hearth. At 
this time practically all of the carbon and about 50 
per cent of the sulphur is removed. There is little 
change in phosphorus or silicon content after clearing. 
The cinder runs down into a bogey and when solidi- 
fied goes to the blast furnace as it is very rich in iron. 

Towards the end of the boiling period, the boiling 
gradually subsides and the metal becomes stiffer and 
quieter. It is important that the temperature be 
properly maintained at this time. The carbon is now 
below 1 per cent. 

Fining and Balling . 

The next period is known as the “fining stage,” 
although in the mill it is usually spoken of as the 
time for digging and turning, i.e., the iron “comes to 
nature.” At the end of the boil the whole charge sinks, 
and, as already indicated, has begun to assume a pasty 
condition, in which some of the cinder tends to sepa- 
rate out from the iron. 

The puddler now takes a “rabble” and works the 
metal very thoroughly. The remainder of the carbon 
and manganese are oxidized and also some of the phos- 
phorus. As the pasty mass is worked it stiffens more 
and more and is broken up. Masses of metal begin to 
protrude above the cinder, showing that the iron has 
“come to nature.” It is now turned over three times, 
first towards the bridge wall, then towards the flue 
and back again towards the bridge wall, in order to 
expose the under sides and thoroughly heat every par- 
ticle uniformly to the desired temperature, which at 
this time will be from 2,000 to 2,500 deg. F. 

The balling stage follows. The temperature is 
brought up as high as possible to obtain a good weld- 
ing heat and make a fluid slag that will work out in 
the squeezer. About 20 minutes are required. The 
pasty, spongy mass of metal is divided into six nearly 
equal parts, these being formed with the puddler’s bar. 
Each lump or ball will weigh about 200 Ib. 

After the balls have been made, they are subjected 
to welding heat for about five minutes, after which 
they are drawn one by one from the furnace and car- 
ried to the squeezer with the aid of large tongs sus- 
pended on a mono-rail. 

One squeezer serves all puddling mill furnaces, 
and as they complete their runs at approximately the 
same time it is in continuous operation only for a 
short interval. 

The Squeezer 


The squeezer consists of two parts. First, a large 
circular corrugated casing. In this is placed out of 
center a corrugated circular drum, which revolves. 
The balls enter at the large end and roll around the 
periphery, being gradually squeezed in an ever-nar- 
rowing space; and come out at the small end as a 
bloom about 7% in. in diameter by 18 in. long. In 
squeezing a large part of the slag is eliminated from 
the pasty mass. 
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The bloom is rolled down into a flat bar known as 
muck-bar on a three high muck-bar mill. Several sizes 
of muck bar are made, ranging from 3 to 6 in. in width 
and about % to 34 in. in thickness. From the mill 
they travel on a conveyor to scales for weighing and 
thence to shears where they are cut up into shorter 
lengths for piling for the flat or square “breakdowns.” 


First Break-Down 


In piling for the first “break-down” what is known 
as a “muck-bar pile” is formed; in other words, a 
number of the sheared pieces of muck-bar, depending 
upon the size and section to be rolled, are piled one 
on top of the other, wired together and the pile is 
charged into a furnace and brought to welding heat. 
The pile is rolled down into a flat, sometimes called 


Rolling bars. 


slab, or square section, on a hand-mill. This is a pre- 
liminary operation and the metal has not yet been 
worked down into the best possible physical condition. 
Another rolling operation must follow. 

The flat or square bars which have been rolled in 
the first break-down operation are in turn sheared 
into short lengths, and piles are formed for the final 
rolling. At this point the type of pile used will depend 
upon the purpose for which the finished product is 
to be used. 

Piling 

Iron that is to be used for staybolts is usually box- 
piled. In other words, four flat slabs of break-down 
are taken and form the sides of a square box, the 
middle of which is filled with bars having a square 
cross section. This box-pile, held together with thin 
iron clamps, is brought up to welding temperature in 
a heating furnace and then rolled down in a 12-in. 
hand mill to the desired size. The reason for using 
this form of a pile is that a fibrous structure is ob- 
tained which withstands vibration, a very important 
consideration for staybolts. 

Engine bolt iron may be rolled from a box-pile, 
but some customers specify a slab pile. In the latter 
case the pile is built up exclusively from flat bars, or 
slabs, and subsequent operations are the same as in 
the case of the box-pile material. The reason for speci- 
fying this form, if at all, is that some suppose more 
slag is worked out of the metal as it has a chance to 
escape at the sides. 

One of the very interesting things about iron is 
that, in reduced form, the finished bars retain the same 
type of structure as that of the original pile. In other 
words, if a cross section is etched, a bar which has 
been rolled from a box-pile will show all of the indi- 
vidual parts in their relative locations, while in a bar 
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rolled from a slab pile, the metal can be seen in the 
form of flat layers. 

After rolling the bars pass out upon the hot-bed 
where they are straightened and allowed to cool. They 
are then sheared to length and taken to the iron ware- 
house, from which point they will be transferred to the 
finishing department or to the customer, as called for. 

There are two things that should be stressed in 
speaking of the manufacture of high grade puddled 
iron. One is the precautions taken to insure that no 
steel be mixed with the iron. Users fear a possibility 
of this in a plant which is also rolling steel. Such a 
condition, however, cannot occur at Lebanon. First, 
the puddle mill and rolling mills for puddled iron are 
separate from the steel-rolling end of the plant. 
Nothing but iron in the form of pig, ore, or other 
oxide of iron and flux enters the puddle furnace. In 
order to insure uniform high grade of the iron pro- 
duced, even busheling has long since been abandoned. 
Thus, only one grade of iron is produced. Then after 
rolling the iron is stored in an iron warehouse, which 
is a unit entirely separate from the steel warehouse. 

The other very important factor is laboratory facili- 
ties. There is probably no puddled iron plant in the 
country that has more complete laboratory facilities 
and that more carefully tests the material being made. 
Physical tests are made on the finished bars and every 
heat of muck bar produced is chemically analyzed. 
The size of the Lebanon layout is such that a con- 
siderable number of high grade technicians can be 
maintained. 

Maniufacture of Staybolts 


The most important steps in the metallurgy of 
engine bolts, staybolts and other wrought iron prod- 
ucts, have been touched upon. Care and proper equip- 
ment are just as important, however, in the finishing 
operations, which will be briefly outlined. 

In the making of staybolts and engine bolts, bars 
from the iron storehouse are straightened in roll 
straighteners and sheared to length. 

All material which requires drilling is pointed, 
either simple flat facing, or beveled edge pointing 
being used, as specified. Staybolt material then goes 
to the six modern deep-hole drillers in the finishing 
department. On these, 3/16-in. or 7/32-in. holes are 
drilled to a maximum length of 36 in. The manufac- 
turers consider a 7/32-in. hole the better size to 
specify. 

The exact sequence of the finishing operations will 
of course depend on the specifications. For instance. 
if square ends are not required, the bars are threaded 
the entire length, then cut off on a turret lathe and 
drilled in the drilling machines. 

In the drilling operations, hollow drills are used. 
the drill point being welded on a hollow rod. Oil at 
800/900 Ib. pressure is pumped through. The pressure 
can be raised to 1,800 lb. The drill feed will vary from 
14 in. per minute with a 3/16-in. hole to 1% in. for 
a 7/32-in. hole. The use of a lead screw gives accurate 
centering at both ends. 

Facilities are provided for making all required 
sizes of engine bolts and staybolts to any reasonable 
specifications. 

Important, in addition to equipment, in the manu- 
facture of engine bolts and staybolts is the close 
supervision and care. There is both a factory inspec- 
tion and a warehouse final inspection. 
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Dovel Type Blast Furnace Put on Test 
(Continued from page 1558) 


Average Ore Analysis of Ores Used 


Dil Cas sae isd oldie wets elev eagetes ew alele 10.82 
Alumina: 665 6cca eben 'es sien tan cee scenes ees 3.02 
Metallic iron .........cc ccc cess ee eeeee 40.57. 
Insoluble: so cicscnacciveie fiee, So vsiee siaje wee 2 wei. 0' 12.95 
Cabronates of lime 21.74 
Phosphorus ........seeeceesceeees weeks 34 
Manganese ...........eeeeeeee 7 41 
FeOs See ee er ee a 56.79 
Flue Dust Analysis 
From dust catcher 
Carbon Co: Iron 
29.60 5.28 21.80 
From Gas Mains to Stoves 
(May 1, 1928) 
SiO. AlO, FeOs CaO MgO K:0 Na;O _ Cyanide 


16.28 14.35 14.85 8.50 4.37 8.32 5.80 3.35 


Carbonaceous matter Sulphates 
21.50 1.96 


Screen Test on Flue Dust Caught During 6-Day Test 


Per cent 
Over 10 mesh ........... cc cece esc eee eens 1.20 
0 to 20 mesh .......... cece cece eee eee 2.80 
20 to 40 mesh .............. cece eens 2.20 
40 to 60 mesh ........... ccc cece cece 33.00 
60 to 80 mesh ..........c cece eee eee 6.50 
80 to 100 mesh ............ cece eee eee 19.80 
100 to 200 mesh .............c cece eeeeee 12.10 
Under 200 mesh .............cc cee ce eee 4.40 


Chain Transfer Tables for Blooms 
(Continued from page 1559) 


collar on the shaft that is held against the hub by the 
outer block. 
Operating Control 


The whole operation, not only of the transfer table. 
but of the two runout tables connected with it is con- 
trolled from one point near the juncture of the table 
with the shear runout table. Thus it is possible for 
one operator to route blooms coming from the shear 
to any one of three destinations, according to the treat- 
ment they require. Those intended for rolling without 
treatment can be sent directly to the rolling mill by 
a live roll table which crosses the transfer table to a 
point about 15 ft. from its beginning. Those which 
require reheating travel to a second live roll table 
located at the extreme end of the transfer table, which 
carries them to the entrance of the reheating furnaces. 
And those which are to be thermally conditioned, or 
chipped are carried over the end of the transfer table. 
and deposited in cradles in which they are carried by 
cranes to their ultimate destinations. The proper 
handling of blooms is facilitated by the fact that the 
operator has a clear view of the whole table from his 
control station, and can act immediately in accordance 
with the demands of any situation that may arise. 
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Modern Furnaces for Normalizing Sheets 


A Description Is Here Given of Equipment Lately Installed for 
the Continuous Annealing of Sheet Steel—Metal- 
lurgical Features Are Fully Discussed 
“AUTOSHEET” 


T the plant of one of the leading sheet steel 
pay manufacturers another modern type normalizing 

furnace* was lighted, which marks a still further 
progressive step by this particular sheet mill toward 
serving the automobile trade and allied industries in 
producing high quality sheets. This installation in- 
cluding the latest improvements in design is worthy 
of descriptive comment inasmuch as it reflects the fore- 
sight of this company in demanding such equipment 
as will produce sheets of uniform quality. 

The writer was lately privileged to visit the plant 
and witnessed the operation and control of this normal- 
izing furnace and observed the quality of the sheets 
thus treated. The conclusions are based upon an im- 
partial comparison of the results with practice as car- 
ried out in normalizers of earlier design. 


Advantages of Normalizing 


Before entering into a description of the mechan- 
ical features of this furnace we shall state the purpose 
for which the continuous annealing of sheet steel is 
done. While continuous annealing is a rather broad 
term we are confined in this case to the continuous 
normalizing of sheet steel. 

The steel passes through this long narrow furnace, 
is heated to a temperature above its critical range and 
is then slowly cooled in the cooling zone. Heating it 
at above the critical range allows for a complete re- 
arrangement of the structure. If the heating is long 
and high enough we relieve the strains set up in hot 
mill rolling and allow good equi-axing of the crystals, 
or the new grain growth. The size of crystals fos vari- 
ous reasons should be kept quite small. As soon as this 
new growth starts we must be ready to enter the cool- 
ing zone and prevent its further growth. This brings 
in the question of how fast or at what speed we must 
send the steel through the furnace, which is entirely 
dependent on the temperatures of the heat zone and 
the length of the heating and cooling section. 


*Constructed by Rust Engineering Company of Pittsburgh, 
Pa., under Kathner patents controlled by Duraloy Company 
of Pittsburgh, Pa. 


The furnace which we are to describe is 155 ft. 
long and is divided into three primary zones namely 
the preheat, soaking and cooling zones. The preheat 
and soaking zones are approximately 75 ft. long thus 
allowing 80 ft. for the cooling section. The preheat 
and soaking sections are easily distinguished from the 
cooling section in that the roof is considerably higher 
than the roof on the cooling zone. 

The burners, 20 on each side, are about a foot 
above the sheet and are equally spaced extending from 
the end of the soaking zone to within about 15 ft. 
from the charging end of the furnace. They burn oil 
through inducing burners with steam under high pres- 
sure as the atomizing agent. However it is possible 
on short notice to switch over to gas through the 
medium of an auxiliary set of burners should oil not 
be available. 

At this point we have observed merely the general 
outside appearance of the furnace and in doing so have 
noticed that the furnace is built in sections. These 
sections appear to be about 5 ft. long and form the 
two walls and the roof in one casting with joints to 
allow for the thermal expansion. This sectional type 
is a decided advantage for in the event that a shaft 
needs to be changed the length of shutdown is negligi- 
ble as only that section in which the bad shaft lies 
needs to be removed. A good example of this part:c- 
ular feature has been cited in which a broken shaft 
was replaced by removing the section (which includes 
the side wall and roof) in one operation, the broken 
shaft as a second operation and the replacement of a 
new Shaft and the section as the third and last opera- 
tion. It has been stated that a change of this nature 
can be made in less than an hour, during which time 
it was necessary to turn off the burners only in that 
section of the furnace, allowing for a quick pick up 
to normal operating temperatures. 

It might be imagined that a furnace of this sectional 
construction would suck air and thus scale the sheets, 
but a closer examination of the furnace shows that a 
plastic clay fills the short expansion space between 
the sections thus preventing air from entering. 


FIG. 1—General view of 155-ft. normalizer for continuously annealing sheet steel. 
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This closer scrutiny of the outside of the furnace 
brings to our attention the fact that while the pyrom- 
eters are showing temperatures between 1700-1900 
deg. F. in the preheat and soaking zones the furnace 
walls are radiating much less heat than is anticipated. 


This probably serves as a good example when we 
understand that this is perhaps one of the most im- 
portant points in the advantage of this normalizer, 
namely, the insulation of the heat. So thoroughly in- 
sulated are the walls, roof, shafts and even the bottom 
that the fuel consumption is remarkably low when 
one considers the high heat to which the sheets are 
subjected. 

From a metallurgical standpoint the writer can 
appreciate this fact in that there is a more uniform 
heat resulting from this thorough insulation thus giv- 
ing a consistent furnace heat, from a point well below 


FIG. 2—View of charging end. 


the sheet level to the roof. This in turn gives the sheet 
a more uniform heating resulting in uniform grains 
and thus a uniform product. This is indeed a simple 
deduction but for many years the only method con- 
sidered advisable for annealing sheets was the box 
furnace which today cannot compete with continuous 
normalizing for uniform heating and resulting sheet 
structure. The simple but effective answer is insula- 
tion resulting in a good product at a low rate of fuel 
consumption. 

To sustain these arguments the writer observed 
pyrometer readings which not only indicated the roof 
temperatures but the heat at the bottom of the fur- 
nace as well. In one part of the preheating zone the 
difference between the thermocouple 1 ft. under the 
sheet and a couple 1 ft. over the sheet with both in 
line with each other was only 40 deg. F. The same 
condition existed in the soaking zone where the dif- 
ference was 50 deg. F. We would say that is a uniform 
heat considering that the burners are above the sheets 
and that the sheets will tend to absorb most of the 
heat if the burners are carefully regulated. 

Speaking of pyrometers we are impressed with the 
fact that if pyrometers mean good heat control and 
good heat control means good sheets this installation 
should mean an excellent product. In the preheat and 
soaking zones there are at least eight couples with 
six of these eight in the roof, the first one being about 
25 ft. from the charging end and the other five about 
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10 ft. apart, the last being at the end of the soaking 
zone. The other two of the eight lie at two strategic 
points on the bottom of the furnace under the sheets 
and as mentioned above show very little difference 
in temperature from the couples opposite them in the 
roof. 

In the cooling zone we have four roof couples 
about 20 ft. apart thus taking in the maximum and 
minimum temperatures of the entire cooling range. 
The cooling rate according to these pyrometers shows 
an average drop of about 75 deg. F. for every 10 it. 
toward the exit end. 

Having observed the important features which 
make up the outside of this normalizer we next in- 
spected, so far as possible the inside, noting the me- 
chanical means of conveying the sheets through the 
furnace. 

A glance into the charging end shows us that the 
sheets will travel along on discs which in turn are at- 
tached to shafts on 15 in. centers. This close spacing 
of the shafts makes it necessary to stagger the discs 
which means a possible nine discs on every other shaft 
with those shafts between carrying eight discs, the 
number varying with the width of the furnace. 

This particular furnace is 84 in. wide which means 
that a sheet, or sheets side by side, to the width of 
64 in. can be accommodated. This is indeed a feature 
not to be overlooked for the automobile trade is de- 
manding wider sheets in order to blank larger sec- 
tions of body parts where possibly two blanks were 
formerly used. These wider sheets, so much in de- 
mand, will soon revolutionize sheet mill equipment. 
It will mean wider hot mill rolls, larger pickling tanks, 
bigger annealing boxes and subsequently larger box 
annealing furnaces. In the case of normalizing this 
furnace has anticipated this change and is prepared 
to normalize sheets of the widest width that can be 
commercially rolled and handled by men. 

In the event that the length of sheets do not ex- 
ceed the width capacity of the furnace they may be 
turned and fed in crosswise which, as can well be 
imagined, means using practically all the available 
disc space without impeding the circulation of heat. 
This results in a high efficiency from the furnace and 
greater tonnage output. 


Discs and Shafts 


At this point let us examine more closely the shaft 
on which the discs are mounted. These shafts are of 
heavy seamless steel tubes on which the alloy discs 
are mounted approximately 8 in. apart. The discs are 
cast integral with a long hub. These hubs interlock 
end to end and are materially larger than the shaft 
which carries them. The hubs are centered and sup- 
ported on this shaft by three radial fingers. The space 
between the inside wall of the hub and the wall of the 
shaft is filled with a heat insulating material. This 
insulation protects the shaft, confines the heat to the 
sheet and aids the insulation given to the walls, roof 
and bottom as previously described. 

The driving mechanism for these shafts is worthy 
of comment for in a furnace 155 ft. long it means an 
even and constant rotation of 155 shafts all carrying 
a heavy load of sheets. On the end of each shaft is 
mounted a sprocket over which runs a continuous 
chain of the roller type, the return chain going back 
along a channel just under the sprockets. This chain 
in turn is driven by a main drive sprocket located at 
about the central section of the furnace. 
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This particular installation carries two separate 
drives, one driving the shafts in the cooling zone while 
the other drives the shafts of the heating zone. The 
main sprocket for each drive is then connected to a 
spur gear speed reducer driven by a variable speed 
motor which allows us to send the sheets through 
the furnace at a speed which will give us the grain 
structure desired by the metallurgical department. 
The two drives are synchronized and connected. 

In addition to driving these 155 shafts the rolls of 
the feed and delivery tables at the charging and exit 
ends must also be driven which is done by an auxiliary 
chain connected to these drives. It is indeed a remark- 
able sight to see a drive of this nature turning all 
these shafts each weighing about 900 lbs. without 
considering the weight of sheets transversing the fur- 
nace and the charging table rolls. 


Thermal and Structural Changes in Furnace 


Now that we have described fairly much in detail 
the outstanding mechanical features of this furnace 
both inside and out let us follow the changes both 
structural and thermal as the sheets progress through 
the furnace. 

First the hot mill sheets are brought to the charg- 
ing end of the furnace on buggies. These piles of 
sheets are called “lifts” and average around 15,000 
Ibs. in weight. Two men, the feeder and his helper, 
place a waster or dummy sheet on the charging table 
and onto this waster sheet two or three sheets from the 
lift are placed, depending on their gage and size. The 
sheets are then pushed along this table and enter the 
first or preheating zone of the furnace. The sheets 
are now in a temperature of about 1400 deg. F. which 
of course they immediately start to absorb. 

In order to prevent the scaling of sheets, a slightly 
incomplete combustion of the oil is maintained with 
the resulting gases of such a volume that the pressure 
thus exerted prevents any suction of air into the fur- 
nace. 

The burned and unburned gases together with the 
resulting heat from burners are entering the furnace 
through large ports in the insulating wall with such 
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FIG. 3—View of discs in heat zone. 


force that they mix with the gas and heat of adjacent 
burners and distribute an even heat to the furnace. 
The gases and heat travel back to the charging end 
and thus maintain this approximate temperature of 
1400 deg. F. at this point. Due to the fact that the 
sheet is cold and the furnace is hot the absorption 
rate is very rapid, gradually tapering off as we reach 
the soaking zone. At a point about 25 ft. from the 
charging end of the furnace the sheet is just under our 
first thermocouple which reads about 1700 deg. F. and, 
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judging by the appearance of the sheet at this point, it 
is fairly close to its critical range. 

The thermocouples are then every 10 ft. apart for 
the remainder of the preheat and soaking zones. At a 
point 45 ft. away from the charging end the sheet has 
passed under the third couple which registers close to 
1800 deg. F. and we are safe in saying that under the 
proper conditions of heating and speed the sheet is 
now above its critical range and its main constituents, 
which are pearlite and ferrite, have been allotropically 


FIG. 4—Microstructure of 
this normalizer, X100. 


ical steel out of 


changed with the carbon dissolved in gamma iron 
which we call austenite. From this point on the sheet 
is in the soaking zone proper. A soft soaking heat is 
maintained in this section of the furnace and the four 
roof couples which come within this zone show little 
variation. Due to the nature of the heat in this fur- 
nace and the soaking effect it has on the sheet it is to 
be expected that this might well be called the soaking 
zone. In this heating area we must carefully maintain 
speed and temperature in order that the sheet may be 
ready to enter the cooling zone as soon as all hot mill 
strain has been relieved from the sheet and the new 
grain growth started. As previously mentioned we 
want a fairly small grain and once determined we must 
prohibit its further growth by leading it into the cool- 
ing zone. 

Between the soaking and cooling zones is a door 
made of an alloy casting filled with high heat resist- 
ing brick. This door is adjustable up or down and by 
means of a stack or bleeder close to it in the roof of 
the soaking zone, the temperature of the cooling zone 
is correctly maintained. This zone must also carry 
a reducing atmosphere in order to prevent a scaling of 
the sheet. Due to the flow of material through the 
furnace the gases are partially drawn and flow back 
into the cooling area thus maintaining this reducing 
atmosphere. 

This reducing atmosphere in turn is carefully 
maintained through the medium of the lower roof 
level of the cooling zone and the adjustable door pre- 
viously mentioned. The sheet then enters the cooking 
zone relieved of hot mill strains and having a new 
grain growth which is retained in most any size as 
the metallurgical department sees fit. Thermocouples 
located in the roof show an approximately 400 deg. F. 
drop in temperature between the end of the soaking 
and about 15 to 20 ft. in the cooling area. This means 
a proportionate drop in the sheet temperature which in 
turn indicates that the steel is now below its critical 
range. The carbon no longer can be dissolved and the 
cooling is so rapid that the same structure that we had 
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Recent Observations on Some European 
Iron and Steel Conditions’ 


Continuing Description of German Blast Furnace Practice 
with Comments on Coke Oven Operation and German 
Open-Hearth Methods and Rail Mill Practice 


By C. A. MEISSNER{ 
PART II 


UT little scrap is charged in German furnaces, be- 
B cause of difficulties with the bucket tops, gen- 

erally used. Besides it is needed for open-hearth 
furnaces. Screening of ores is not practiced in Ger- 
many as far as could be learned. Volklingen Plant at 
Saarbrucken, France, working on minette ores with 32 
to 35 per cent iron content, has been screening for 
14 years, sintering the fines with flue dust, coke dust 
and mill scale. Other plants in the Luxemburg region 
are contemplating doing this soon. 

Belt transmission of ores is nowhere in use. They 
see no objection to it, however. Transmission of all 
sorts of materials with cable buckets is very gen- 
erally used all over Europe. 

Crushing of coke is not generally practiced in Ger- 
many. The Vulkan plant is crushing to 14 to 2} in. 
screening out the walnut size for domestic and the 
breeze for sinter. They are obtaining good results 
and other plants are now starting to do this. 


Top Filling—At Hamborn Works, Neeland bucket 
type filling is used on all furnaces and is common 
throughout Europe on the larger furnaces. A dis- 
tributing cone with central distributing tube is set on 
brackets below the bell. The best working clearance 
between cone and furnace lining has been found to be 
291% in. They have tried leaving out the central dis- 
tributing’ tubes but results were unsatisfactory so 
they put them in again. Ordinarily, cones and tubes 
will have to be replaced once during a campaign, or 
when the furnace has made about 600,000 tons of iron. 

These central distributing tubes are not gas off- 
takes in the modern furnaces but merely serve to dis- 
tribute the charge; the gas goes through them and the 
materials around the tubes, and the gas then comes 
down through two or more side offtakes similar to our 
own construction. Wherever the Neeland bucket is 
used, central gas offtakes become impossible. Where 
hand skip or cable buckets are used, central tube gas 
offtakes can be used. The latest modern skip furnaces, 
however, have two or more side offtakes. 


A charge consists of one bucket of coke weighing 
4 tons, and one bucket containing ore, sinter, open- 
hearth slag, limestone, etc. Each kind of ore and other 
material is laid in a layer by weight, the total con- 
tents of second bucket being about 12 tons. 

In looking over these figures keep in mind the 
large bosh diameter of the small furnaces and their 
consequent large cubic capacity, which is equivalent 
to our 18-ft. furnaces, some of which are making big 
tonnages on our soft and fine materials. At Gelsen- 


_*Abstract of paper before the American Iron and Steel In- 
stitute, New York, October 26, 1928. 

_tChairman, Coke, Blast Furnace and Open-Hearth Com- 
mittee, United States: Steel Corporation, New York. 
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kirchen a straight bosh furnace is being built, but there 
is much doubt as to its success, the feeling being that 
the stock will lie too heavy on the molten contents of 
the hearth. 


Vereinigte Stahlwerke, Hamborn Plant, 
Near Dusseldorf, Germany. 


Old No. 3 New No. 8 
furnace furnace 

Height. 0.0. ccdde.c%asvens 87 ft. 11 in. 95 ft. 3% in. 
Hearth diameter ......... 16 ft. 5S inv 21 ft. 4 im. 
Bosh diameter ............ 24 ft. 7% in. 24 ft. 7% in. 
Bosh angle ............... 74 deg. 29 min. 82 deg. 6 min. 
Inwall angle ............. 85 deg. 16 min. 86 deg. 20 min. 
Bosh height ............. 13 ft. 5% in. 13 ft. 5% in. 
Cubical capacity ......... 23,710 cu. ft. 29,264 cu. ft. 


Diameter distributing cone 9 ft. 4 = in. 12 ft. 13% in. 
Diameter distributing cen- 

tral tube ............... 6 ft. 634 in. 7 ft. 85% in. 
Inside diameter furnace top 14 ft. 5% in. 16 ft. 1 in 
Thickness inwall lining ... 3 ft. 334 in. 3 ft. 33% in. 


Casting—Hamborn furnaces are cast every two to 
two and one-half hours, because of small hearth and 
large tonnage. 

Production—At Hamborn furnaces, daily average 
production through a year on 16-ft. 5-in. hearth fur- 
naces, in good condition and with good ore mixture, 
has been as high as 835 tons. This they attribute 
largely to the open nature of the burden. Daily aver- 
ages for a month are sometimes as high as 850 tons 
and they have made as high as 920 tons daily for a 
month’s run. Productions of 950 to 1000 tons are occa- 
sionally made for a day or two, but not over any 
perid of time. The present daily average production, 
because of poor ore mixture resulting from the Swed- 
ish mine strike, is 700 tons per furnace. Average 
production for a campaign is about 1,200,000 tons. 
Varying amounts of sinter are used. 

On good ore mixture slag volume is about 1100 Ibs. 
per ton of iron. On present poor ore mixture about 
1760 lbs. per ton of iron. 


On good ore mixture the coke rate is from 1716 to, 


1870 lbs. per ton on larger furnaces, depending of 
course on age of furnace. 


Blast temperature is generally 950 to 1100 deg. F. 
throughout Germany, higher heats slow the furnaces 
down too much. Hamborn is using 1200 deg. F. How- 
ever, one plant at Saarbrucken, France, expects to go 
to 1550 deg. F. on minette ores and sinter. The gen- 
eral feeling is that there is no limit to stove heat, ex- 
cept what the furnace will take without slowing down. 


Heating surface per stove on the new Hamborn 
furnace is 102,000 sq. ft. Four two-pass side-combus- 
tion chamber stoves, with square checkers having 238- 
in. brick and 314-in. holes, are being constructed. 
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Top temperatures run from 300 to 480 deg. F. 

Average wind on 16-ft. 5-in. furnaces is 49,600 to 
59,000 cu. ft. per min. New furnace will blow 71,000 
to 75,000 cu. ft. per min. Gas engines are used ex- 
clusively at this plant for blowing and electric gen- 
erators. The high first cost of gas engines is weaken- 
ing their position in Germany. New blast furnaces at 
Essen are installing 90,000 cu. ft. per min. turbo- 
blowers. 

Blast pressure at the Hamborn plant is about 14% 
Ibs. per sq. in. Ordinary tuyeres are used, but patented 
Venturi type tuyeres will be tried. 


Construction—Inwall: Large fire brick blocks with 
open cast iron water-cooled boxes set between them. 
The blocks are special shapes, about 9 x 5 x 24 in. 
in size. Steel bands reinforce the whole. 

Hearth and Bosh—Bosh is steel plate with spray 
cooling. Open end cast iron water-cooled boxes are 
set into the brick work through the steel plate. Hearth 
jackets were formerly of steel plate, but cast seg- 
ments, 436 in. thick, are now being used. They are 
spray cooled and entirely exposed. Breakouts in the 
past have averaged one a year for a seven-furnace 
plant, but they expect the cast steel jackets will lessen 
this trouble. Carbon brick are used to line bosh and 
hearth and for bottom blocks. We were told -that 
use of carbon brick is not general in Germany, the 
majority of plants using fire brick. The carbon brick 
have 95 per cent carbon and must be very hard 
pressed, their service depending largely on the firm 
manufacturing them. High alumina brick seem to 
be little known. 


Sintering—So far as could be learned, no plants in 
Germany are screening their ore and sintering the 
fines. They are, however, using a great deal of sinter, 
made from the following mixtures: 


Straight Flue Dust—Sintering of flue dust is done 
by Dwight-Lloyd machines or rotary kilns. Carbon, 
10 per cent; iron, 42 to 45 per cent. Sinter contains 
50 per cent iron. Up to 30 per cent of blast furnace 
charge has been used with good results, and more 
would be used if available. Stock pile flue dust is 
briquetted. 


Flue dust and Swedish concentrates are mixed and 
sintered at many plants, giving a very good product 
containing about 66 per cent iron. Some plants also 
add coke breeze. Six and one-half per cent carbon is 
about the lowest that will give good sinter. 


Flue dust and Bluebilly or purple ore are mixed ex- 
tensively as the latter is cheap and runs from 40 to 
55 per cent Fe. Meiderich works has a two-strand, 
394% in. by 82 ft. Dwight-Lloyd machine using this 
mixture. The charge contains 45 per cent Fe, 6% 
per cent C, 13 per cent moisture and is laid on a %-in. 
crushed limestone bed to protect the pans. Blast fur- 
nace gas is used for ignition. The furnaces at this 
plant have used up to 50 per cent sinter with good 
results. 

We were told that Duisberg Kupferhutte has a 
small 250-ton furnace using 100 per cent sinter made 
from pyrites and giving good results. The special iron 
made here furnishes practically all the keys for doors, 
locks, etc., made in Germany. 

Flue dust, coke breeze, spathic ore, Swedish con- 
centrates and bluebilly have been used in various mix- 
tures as available at Bochumer furnaces and the sin- 
ter is well liked by furnacemen. 
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Blast Furnace Gas—Heat value from 106 to 112 Btu. 
per cu. ft. It is used very extensively for the follow- 
ing purposes: 

1—Stoves. 

2—Gas engines for blowing and generating. 

3—Coke oven heating. 

4—Open-hearth heating, mixed with by-pro- 
duct gas. 

5—Boilers, alone and over stoker feeders. 

6—Soaking pits, alone or mixed with by-product 
gas. 

7—Heating furnaces, alone or mixed with by- 

product gas. 

8—Sintering machine ignition. 

No special stove burners are used at the large Duis- 
burg plants visited. 

For open-hearth heating, blast furnace gas alone 
has been tried, but found too weak, so by-product 
gas, in ratio commonly of 1 of by-product to 2 of blast 
furnace, is turned into the blast furnace gas main just 
before checkers. 

For soaking pits Hamborn uses straight blast fur- 
nace gas with regenerators and combustion chamber, 
or mixed gas burned with cold air. 

For heating furnaces the situation is the same as 
for soaking pits. The first cost of regenerators is high, 
but where by-product gas can be sold to the cities it 
pays to make the blast furnace gas go as far as possible. 

The general feeling is that gas should be cleaned to 
.l or .15 grain per cu. ft. for boilers. Hamborn fur- 
naces each have a large dust catcher which cleans 
from 15 to 4% grains per cu. ft., a small catcher which 
cleans from 4% to 2% grains per cu. ft., Zschoke 
washers which clean from 2!4 to .15 grain per cu. ft., 
and Theissen washers cleaning to .025 grain per cu. ft. 
Gas is stored in a 10,600,000 cu. ft. M. A. N. tar seal 
gas holder, the largest in Europe. Theissen washers 
are still generally used in Germany for gas engine gas. 

Sludge is usually deposited in settling basins and 
removed with bucket cranes. Very little seems to have 
been done with thickeners. 

Blowers—Essen plants of Krupp and Mannesmann 
are installing turbo-blowers. They figure that the first 
cost of gas engines is too high. 

Slag—Slag brick are extensively used throughout 
Germany for house building. One common method of 
manufacture is to mix granulated slag with hydraulic 
lime, press the brick, put them into a cylinder where 
high pressure steam is turned in for some time, then 
take them out and cool. 

Granulated slag is also hauled in empty coal cars 
back to the mines, mixed with sand and run into old 
workings to prevent falling in of roofs. Water is used 
to carry it through steel pipes, and tile pipes are used 
at the bends as they have been found to wear better 
than steel. Many coal mines are anxious to get this 
slag, and also solid slag, which latter they carry into 
the mines on belt conveyors. 


Electrical Precipitation of Flue Dust 


The cleaning of blast furnace gas by electrical pre- 
cipitation is arousing a great deal of interest through- 
out Central Europe. Among the reasons given for 
this interest are the following: 

1—Power consumption of electric cleaning is 
about one-tenth that of wet washing. 

2—Cost of sludge disposal from wet washers is 
high. 
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3—Difficulty of waste water disposition is seri- 
ous in some sections. 

4-Shortage of water at some plants makes wet 
washing objectionable. 

5—Several plants are putting in turbo-blowers 
and so do not need such clean gas as would be re- 
quired for gas engines. 

6—The saving of sensible heat, even after gas is 
partially cooled in primary coolers, is considered to 
more than offset the extra moisture carried by the 
gas. 

Efforts to electrically clean hot gas have met with 
little success abroad. The feeling is general that the 
economical unit is one which has a thermostatically 
controller spray tower preceding it, so that the gas to 
be cleaned will have a uniform temperature, ranging 
from 140 to 210 deg. F. in different installations. The 
reduced volume of the cooled gas makes possible a 
smaller unit, and the uniform temperature permits 
much cheaper construction than would be possible if 
the high temperatures during slips had to be guarded 
against. It has also been established that, for a given 
cleanliness of gas, higher gas temperature necessi- 
tates lower velocity through the cleaner. This condi- 
tion would therefore call for a considerably larger 
cleaner for gas at, say, 400 deg. F. than is needed for 
gas under 200 deg. F. 

The feeling exists generally that the advantages of 
high sensible heat and low moisture content of hot 
gas are more than offset by the money saved in build- 
ing the smaller, more efficient and more cheaply con- 
structed unit using cooled gas. 

The primary cooling towers are provided with 
atomizing spray nozzles which put just enough water 
into the gas to cool it to the desired temperature. This 
water is all carried over into the cleaner as a vapor 
and the thermostatic control of the spray nozzles is 
such that the gas will be some 20 to 25 degrees above 
its dew point. The water added will raise the moisture 
content of the gas from 20 or 25 grains per cu. ft. to 40 
or 50 grains per cu. ft. If the gas is to be used in gas 
engines a subsequent cooling to reduce this moisture 
to about 10 grains per cu. ft. is necessary, but if the 
gas is going to boilers and stoves the expense of this 
secondary cooling is not felt justifiable by plant en- 
gineers. 

The Lurgi Company is installing at the Lubeck 
plant in Germany, cleaners of the horizontal flow, 
plate type recently developed by the Research Cor- 
poration of America, with whom they are affiliated. 
The Elga and Siemens-Schuckert Companies are in- 
stalling units of the vertical flow, original Cottrell 
type, although Siemens-Schuckert have modified this 
to the extent of using rectangular box sections with 
screen wire electrodes instead of tubes with chain elec- 
trodes. Litigation has the patent situation in a very 
cloudy state at present, but all three companies are 
installing units regardless of this uncertainty. 

The dust content of the cleaned gas for use in 
stoves and boilers ranges from .05 to .15 grain per cu. 
ft., and for gas engines from .007 to .025 grain per cu. 
ft., depending on the ideas of different plant execu- 
tives. Voltages used vary from 50,000 to 78,000 volts. 
The capacity of the Siemens-Schuckert installation for 
Krupp’s new plant, to clean the gas from two 1000-ton 
blast furnaces, is calculated for 118,000 cu. ft. of gas 
per min. 

Where gas is to be used for gas engines as well as 
stoves and boilers, normal practice is to install a 
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primary cleaner for the latter, and a secondary cleaner 
followed by hurdle cooling tower for the engine gas. 

It may be of interest to note that the injection of 
water into a blast furnace at or near the tuyeres, which 
has been tried in Germany, is not generally received 
with favor. Neither is the proposition of withdrawing 
gases from the upper part of the furnaces. 


German Ferro-Manganese 


The blast furnace making ferro-manganese at Meid- 
erich is noted in Europe for its large production. 

Hearth diameter—11 ft. 6 in. 

Coke rate—4070 Ibs. per ton. 

Production—280 to 300 tons per day of 78 per cent 
ferro-manganese. 

’ Stove heat—1380 to 1425 deg. F. 

Pressure—13 Ibs. per sq. in. 

Wind—Whatever above pressure will allow. 

Furnace volume—15,885 cu. ft. 

Ore—60 per cent Indian, containing 49 per cent 
manganese and 5 per cent iron; and 40 per cent 
Caucasian. 

Slag contains about 12 per cent Mn and is used in 
blast furnaces for manganese addition. 


Luxemburg Blast Furnaces 


The largest furnaces in Luxemburg make about 
350 tons per day. Hearth diameter is 16 ft. 5 in. 

A furnace with 19-ft. 8-in. hearth is now being built 
at Dillingen and a producton of 450 to 500 tons per 
day is expected from it. This furnace will have skip 
filling. 

Some minette ores used have 26 to 28 per cent 
iron with enough lime to be self-fluxing; there are 
also silicious minettes which require lime additions or 
are mixed with limy minettes. 

The question of crushing all ore to 3 in. and screen- 
ing out the fines for sinter is under consideration at a 
number of these plants, but no installations are being 
built yet. They believe they can sinter with fine ore 
and flue dust alone. The latter contains 10 per cent 
carbon and 40 per cent iron. Flue dust production 
runs from 280 to 550 Ibs. per ton of iron. 

The Esch plant uses ore with 26 per cent Fe and 
enough lime in it for the whole burden. Production 
averages 270 tons daily per furnace. Coke consump- 
tion is 2,750 Ibs. 

Hot blast temperature is 1470 to 1650 deg. F. and 
furnaces will take all the heat they can get. Steel cast. 
brick-lined blowpipes are used. Blast pressure is about 
15% in. of mercury; furnaces are blown by pressure 
and not by wind volume. 

Slag is from 2,640 to 2,860 Ibs. per ton of iron. 

At Volklingen, where fine ore is being screened 
out, sinter being made at present uses the following 
mixture in the charge: 


Per cent 
Coke dust soc. e cited Sehbee ee es 10 
Fine ore, minette ........ ccc ccc cece 15-20 
Plte dust} c.5. dea cabd cad Che ete deals sé ease 40 
Mill seal wy vba yaodlet ohn Cae Raa 15 
Sinter returns ......... cece ccc eee e aces 15-20 
MoOIstitres xc.c5c)teicetisetes Goose es oer oe 20 


Raw Materials (Blast Furnaces)—The great advan- 
tage they have in European works lies in their raw 
materials, which constitute the burden of the blast 
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furnaces. At all the plants that we visited we saw 
good coke made in by-product coke ovens, fairly small 
and uniform in size and well screened, as they have a 
ready market for their domestic and fine coke. 

Limestone is usually of good quality, but appeared 
to us more irregular and larger in size than we would 
use. 

The ores (as shown in the detailed report on Ger- 
man blast furnaces) are very largely coarse and granu- 
lar and sintering is done to a very large extent. In 
some cases they use up to 50 per cent of sintered mate- 
rial made out of the flue dust, purple ore, Swedish con- 
centrates and fine ores. At the large plants they did 
not use much over 10 per cent sinter, nor did they sepa- 
rate their fine Swedish ores from the coarse, and used 
very little spathic ore. The average mixture was coarse 
enough so that they could produce up to 900 tons of 
iron per furnace per day on approximately 14 to 15 
Ibs. of wind pressure with somewhere around 55,000 
to 57,000 cu. ft. of wind per min. This is their main 
advantage over us and their higher tonnages of 900 
tons and over per day were not made over long periods 
of time; mostly for days or for weeks; in one or two 
cases for a month; while the average for the year 
would run between 800 to 825 tons of iron per furnace 
per day. 

This was on furnaces at Hamborn having about 16 
ft. 6 in. in hearth diameter, but a 24-ft. bosh diameter, 
which gave them a furnace capacity of about 24,000 
cu. ft., which is comparable to the capacities of our 
blast furnaces having 18 ft. to 18 ft. 6 in. hearth diam- 
eters. 

Therefore, even with their good ore conditions, 
they are not doing much better, if any, than many of 
our blast furnaces. We have a number of furnaces 
that are larger than this and are making from 800 to 
900 tons per day. But the physical condition of the 
burden must always be considered and if we were to 
sinter a portion of our fine ores we would probably be 
able to obtain very much better results than at present 
and on lower pressures than now. 

Sintering is being so generally adopted in Europe 
that we can learn a lesson from that. 

Where they use the spathic, or minette, ores, their 
tonnages are small and of no particular interest to us, 
but in the Saar district they are beginning to separate 
the minette fines and sinter them, together with purple 
ores and flue dust. 

Many of the sintering plants are of the Dwight- 
Lloyd design. They have also rotary agglomeration 
plants, but the former seems to be the favored system 
to install. 

In the Luxemburg district the minette ore is so 
cheap that they cannot afford to mix anything with it 
as yet. 

German Coke Oven Plants 


The Hamborn Coke Works, August Thyssen 
Hutte, consists of four batteries, 65 ovens each, Kop- 
pers type, 14 in. wide and 9 ft. 10 in. high. Capacity 
is 750 tons of coke per 24 hours per battery. 

Coking time is 16 to 17 hours. 

Heating is done by blast furnace gas to save all 
rich gas for steel plant purposes and for sale to city. 

Coals used are a mixture of 87 per cent high-vola- 
tile and 13 per cent low-volatile. 


Coke is screened on }%-in. rotary grizzly screens, 
and domestic coke is rescreened from breeze. There is 
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a large outside demand for domestic coke and it is 
also used by some plants for producer gas. The breeze 
is used under boilers. Loss in screening is 7 to 8 
per cent. 

Coke is small and regular. 

Standard value of by-product gas made is 440 Btu. 

Self-sealing doors are on one battery, some showed 
considerable leakage of gas though the majority were 
tight. The apparatus is too delicate, repair costs are 
high, and they do not consider them satisfactory. 


German Open-Hearth Department 


The Hamborn open-hearth plant furnishes about 
35 per cent of plant steel requirements, the other 65 
per cent being basic bessemer steel. 

Four 80-ton tilting basic furnaces yield about 100 
tons each. 

Fans are used for blowing the air in, and for draw- 
ing out the waste gases. Large checker chambers are 
used which take the heat out of the waste gas to about 
600 deg. F., so the waste heat boilers formerly used are 
now blanked off. 

Fuel is mixed by-product and blast-furnace gas, in 
proportion averaging one part by-product to two parts 
blast furnace. No special valves are used, the by-pro- 
duct gas being put into blast furnace gas main in quan- 
tity desired just before checker chambers so that the 
mixture is heated. They have tried straight blast 
furnace gas, but it is too slow. 

Ingot mold life averages 100 heats. 

Top pouring is used here, as throughout Germany 
on production steels. Bottom pouring has been tried, 
but sometimes gives trouble with sand getting in the 
ingot and is considered slow for big production. 

Hot tops are not used, except for special steels. 

At another works (Hoentrop) is the newest and 
finest open-hearth plant in Germany. The buildings 
are very high and large, of reinforced concrete and 
steel construction, as are also the bins for storage of 
ore, dolomite, etc. 

There are four basic tilting furnaces, two of 120 
tons, one of 189 tons, and one of 200 tons capacity. 
Tilting is done by one 100-hp. electric motor per fur- 
nace. 

Revolving overhead charging cranes are used, 
though admittedly slower than floor cranes. Scrap is 
stored in bins beside the furnace floor, and cranes load 
it directly into the charging boxes, which sit on a plat- 
form opposite each furnace. The whole charge is made 
up on this platform, so there are no tracks in front 
of the furnaces. Hot metal is stored in a mixer at one 
end, and carried to the furnaces by the pit crane to be 
poured in the tapping hole. 

Exceptionally heavy water-cooled port castings are 
used. Front walls, as well as back walls, are of mag- 
nesite brick and roofs of arched silica brick. They 
figure that flat suspended roofs are more expensive to 
install and repair. Three water-cooled pipes between 
water-cooled door frames serve to hold the front walls 
in place. 

The total brick consumption is 17.6 Ibs. per ton of 
steel. 

Large checker chambers are used, about 23 ft. high, 
with 2\%4-in. checker brick and about 4-in. openings. 
The waste gas is about 850 deg. F., so no boilers are 
installed. Checkers are heated to 2000 to 2200 deg. F., 
measured by recording pyrometer with fire end pro- 
jecting through top of the end wall. 
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Sixty to seventy-ton ladles are used in the pit, two 
ladles for small furnaces and three ladles for big fur- 
naces each heat. 

Charge averages 20 per cent pig iron and 80 per 
cent scrap, the cost of each is about the same. A typi- 
cal charge on the big furnaces is as follows: 


7,000 kg. cold pig. 
30,000 kg. hot pig. 
177,000 kg. scrap. 


214,000 kg. total, or 214 tons. 


Manganese content of the pig is 4 per cent, because 
the large scrap charge only runs about .4 per cent man- 
ganese and they want an average of 1.5 per cent in 
the total charge for good steel. The steel all goes into 
seamless tubes with .40 to .48 manganese, so they add 
some manganese ore in the bath before tapping. 

Swedish ore (66 per cent Fe) is used, about 24 
Ibs. per ton of steel. 

Burnt dolomite used averages 35 Ibs. per ton of 
steel. It is burned in rotary and vertical kilns. Raw 
dolomite has been tried but they found the hot pig 
takes it out too fast. 

Lime used averages 66 lbs. per ton of steel. 

Fluorspar used averages 4.5 lbs. per ton of steel. 

Capacity of the small furnaces is about 15 tons per 
hour, and of’'the large furnaces about 18. The small 
furnaces take about 8 hours for a heat and the large 
furnaces from 10 to 12 hours. 

Fuel—By-product and blast-furnace gas are mixed for 
fuel, usual ratio being one part by-product to two 
parts blast furnace. The first helper regulates the 
amount of by-product gas according to the heat re- 
quirements of the furnace during various stages. 

By-product gas gives about 450 Btu. per cu. ft. 

Blast-furnace gas gives 106 to 112 Btu. per cu. ft. 

Fuel consumption equivalent to about 3,968,000 
Btu. per ton of steel. 

One 4,000,000 cu. ft. gas holder is used for storing 
by-product gas and one of equal size for blast fur- 
nace gas. 

Blast furnace gas should be cleaned to .025 grain 
of dust per cu. ft. or less. 

Blast-furnace gas consumption is about 4,525,000 
cu. ft. per 24 hours per furnace. 

Fans are used for air only, giving pressure of about 
34-in. water. Gas pressure at the checkers is 23% in. 
to 234 in. water. 

Ladles are turned bottom up over a blast-furnace 
gas burner for drying. 

Ingot molds are coated with a petroleum product 
called “Ertz Wax,” a black material diluted with ben- 
zol and giving better results than tar. Ingots have a 
fairly good surface, they are all chipped and inspected 
before going to the mills. 

All ingots at this plant are bottom poured because 
all ingots go to tube mill. Mill crop is about 25 per 
cent. 

Ingot sizes vary from 5 in. to 2714 in. in diameter, 
depending on size of tube to be made from them. 


Mill Practice at Hamborn Plant 


Rail steel is heated to 2200 deg. F. in the pits and 
blooms have a temperature of 2010 deg. F. The latter 
is measured with an optical pyrometer at the shears, 
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and theoretical losses added to check back to pit tem- 
perature. Rail ingots are each recorded through the 
mill by a pneumatic card system. 

Rails up to 90 ft. 914 in. are rolled, the long length 
being used more and more. All rails are straightened 
on roller straighteners, which seem to give very satis- 
factory results and eliminate hand straightening, ex- 
cept for occasional twisted rails. Large section rails 
have about .5 carbon and .04 to .06 manganese. 

Reheating furnaces throughout the mills use blast- 
furnace gas. Though the first cost of checkers is high, 
the operating costs are favorable because of high 
value of by-product gas for city use. 

River Transportation—We saw loading and docking 
facilities at Duesseldorf and Duisburg, which are very 
fine. River transportation up and down the Rhine is 
quite extensive. 

General 


The outstanding features noticeable during these 
visits were the strong tendency to Americanize the 
plants, especially the blast furnace plants by following 
our blast furnace lines and in some cases our meth-. 
ods of construction. ; 

In the coke-oven plants we saw a number of mod- 
ern American type ovens, all built with the idea of 
utilizing all of the rich gas in the steel mills or for 
public service, and heating the ovens with either blast- 
furnace or producer gas. 

There was not much new in the by-product coke 
oven end. 


Modern Furnaces for Normalizing Steels 
(Continued from page 1573) 


in end of the soaking zone is being maintained. As 
previously mentioned thermocouples in this zone are 
20 ft. apart and show a proportionate drop in furnace 
and sheet temperature of about 100-200 deg. F. be- 
tween couples. As a result the sheets emerge from the 
furnace at a temperature around 900-1000 deg. F. The 
sheets are then carefully pulled to one side from the 
runout table and the waster sheet is piled ready to 
be used again when cool enough to be handled. 


An examination of the sheets at this point show 
an excellent surface considering their exposure. There 
is no scale on the sheet which indicates the presence of 
a good reducing atmosphere throughout the entire 
length of the furnace. This feature reflects its advan- 
tage as very little acid and pickling time are necessary 
for the preparation of the sheet for its finishing proc- 
essing before shipment. 

The metallurgical control over this furnace brings 
out the physical properties in a very unique way, the 
control being made by microscopic examination and 
tensile strength tests. In this respect these two fac- 
tors are so corelated at this mill, that their relation 
is fairly proportional assuming that all variable fac- 
tors such as chemical analysis, method of rolling and 
conditions of normalizing are the same. The yield 
point of the “yield” as they designate it, is around 75- 
85 per cent of the ultimate or in other words the yield 
point is approximately this percentage of the ultimate 
tensile strength. 

A strictly up-to-date testing and metallographic 
laboratory permits a close watch over the action of 
this normalizer at all time. 
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Steel Requirements of Aircraft Industry’ 


Present Development in the Art of Flying Has Brought New 
Problems to the Steel Industry—Value of Steels Re- 
quired to be Considered Instead of Tonnage 


By H. J. FRENCHt 
PART II 


ANY metal aircraft parts are intricate in design 
and up to the present time have been built up 
from tubing, sheet, wire and bar stock (see Fig. 

3). Their construction, therefore, involves much hand 
work and necessitates one or more of the operations of 
cutting or other machining, hot or cold forming, punch- 
ing and joining by riveting, welding, soldering or braz- 
ing. The steels used in the manufacture of such parts as 
fittings must, therefore, be readily workable in vari- 
ous ways, not only from the standpoint of reduced 
costs but also because it becomes increasingly difficult 
to insure reliability in service as the metals used in 
construction become more difficult to fabricate. 
Simpler fabrication methods such as forging, ex- 
trusion, etc., will probably be applied more generally 
when there is quantity production over which to dis- 
tribute the cost of dies. However, built-up structures 


*Abstract of paper read before the American Iron and Steel 
Institute, New York, October 26, 1928. 
‘ 7Senior metallurgist, Bureau of Standards, Washington, 
uC, 


have been and are at present very widely used and ease 
of fabrication is sometimes one of the principal factors 
governing the selection of materials. 

The complexity of aircraft construction is illus- 
trated in Fig. 4, which shows an experimental metal 
wing structure made of duralumin tubing and steel 
wire. The older wooden wing construction is shown 
on the shelf at the left side of the illustration. 


Special Performance Requirements 


A few illustrations will show the severity of the 
detailed technical requirements often encountered in 
aircraft parts. For example, in highly stressed parts 
the smoothness of surface may be of paramount im- 
portance. Fig. 5 shows part of an aluminum alloy pro- 
peller which failed in service. The break is a typical 
fatigue fracture and was the direct result of the identi- 
fication marks which were stamped rather deeply in 
the blades. The start of the crack which produced 
failure can be seen at the base of the impression in 
Fig. 6. 


FIG. 3 (upper left)—Typical steel fittings used in aircraft construction. The top row of photographs illustrates the progressive 
stages of manufacture of a wing hinge fitting for a flying boat. Courtesy of Naval Aircraft Factory, Philadelphia, Pa. FIG. 4 
(upper center)—Duralumin wing structure (experimental). Note the wooden wing structure on the shelf at the left. Courtesy 
of Wright Field, Dayton, Ohio. FIG. 5 (upper right)—Aluminum alloy propeller which failed by fatigue, X1. a—Appearance 
of fracture. b—Face showing how the break followed the stamped identification marks. FIG. 6 (lower left)—Impression 
showing start of crack at bottom. FIG. 7 (center)—Three streamline wires which failed by fatigue. a—The wires. b—Unetched 
section showing numerous inclusions in the steel. These were probably not responsible for failure but are considered to be 
deleterious and may be taken to indicate steel of poor quality, X100. FIG. 8 (lower center)—Corroded duralumin airplane 
fitting. FIG. 9 (lower right)—Part of a duralumin girder of the type used for airships, after three years’ exposure to the at- 
mosphere. The carbon steel end plates are badly rusted while the duralumin channels and lattices show no appreciable surface 


attack. Courtesy of H. S. Rawdon, Bureau of Standards. 
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Resistance to fatigue is important in many steel 
parts. An illustration is furnished in Fig. 7a which 
shows three stream line wires which failed in service. 
The cause in these cases was probably related to the 
detail of design, but examination revealed steel filled 
with non-metallic inclusions (Fig. 7b) and it would 
be difficult to prove that these did not play a part in 
the failures. Such circumstances help to increase the 
severity of specifications for aircraft steels. 

Fig. 8 shows the corrosion of a part of the fuselage 
structure located near the lower rear wing hinge on a 
seaplane. This structure, which carries the aileron 
pulleys, is more or less in the open and may be splashed 
by spray in take off and landings. The corroded por- 
tion of the specimen was quite brittle as a result of 
the intercrystalline corrosive attack which had taken 
place and the corrosion was concentrated near the 
rivets, but the rivets themselves were not seriously 
affected. 

The effect of corrosion is especially notable when 
the corrosion is combined with repeated stress. Under 
corrosion in salt water, and to a slightly smaller degree 
in fresh water, the endurance limit is greatly reduced. 
McAdam* cites the case of a heat-treated nickel-sili- 
con steel, with a proportional limit of 155,000 Ibs. per 
sq. in., a tensile strength of 254,000 Ibs. per sq. in., an 
elongation of 8.5 per cent in 2 in. and a reduction 
of area of 46.5 per cent, which had an endurance limit 
in air of 108,000 Ibs. per sq. in. Under corrosion, its 
endurance limit dropped to 12,000 Ibs. per sq. in., or 
below that of American ingot iron, (15,000 Ibs. per sq. 

“in. in air). 

The corrosion-fatigue limit of ordinary stainless 
steel is about 25,000 Ibs. per sq. in., and that of some 
of the austenitic stainless steels may reach 30,000 Ibs. 
per sq. in. When corrosion and repeated stress both 
come into play, only the high chromium steels can 
he considered to be in competition with duralumin 
(with jts corrosion-fatigue limit at about 8,000 Ibs. 
per sq. in.) on a strength-weight fatgue basis. Fig. 9 
illustrates why duralumin and stainless steels (not 
carbon steels) are the competing materials in the air- 
ships which the British are reported to be building in 
parallel. Performance records for these ships should 
throw much light on the relative efficiency of dura- 
lumin and stainless steel construction. 


Typical Practice and Applications of Steel 


Power Plant—The character of the steels required 
for aircraft construction may be illustrated by con- 
sidering present practice and typical applications. In 
discussing this subject briefly, it will be convenient 
to deal separately with the power plant and the air- 
craft construction. This division is logical, both from 
the standpoint of the industry, which at present is 
rather definitely divided into these two branches, and 
from the standpoint of the character of the service to 
to be performed. 

_ Probably the largest consumption of steels in the 
aircraft industry is applied in power plant construc- 
tion, but the present air-cooled aircraft engines are 
not entirely constructed of steels, as will be evident 
from Table B, which gives the weight analysis of a 
popular air-cooled engine. 

In the case of the aircraft power plant the prob- 
lems of construction differ in degree, but not radically 


*D. J. McAdam, “Fatigue and Corrosion Fatigue of Metals,” 
Report, International Congress for Testing Materials, September 
1927, p. 305. 


Google 


December, 1928 


TABLE B—Percentages of Various Materails Used in the 
Construction of the “Wasp” Aircraft Engine.* 


—— Weight —\ 


Material Pounds Per cent 
Brass). ovis ilets ata suiaca owes 4.06 .62 
Bronze oo... ccc cece eee 19.00 2.94 
Aluminum ........0.00e0eee 215.71 33.40 
Duralumin ............00658 55.49 8.60 
Copper ........ cece eee eee 56 .08 
Rubber, vellum, etc. ........ 1.05 .16 


Steel (by difference) ...... 


*Courtesy of Pratt & Whitney Aircraft Company, Hartford. 
Conn. 


in nature, from those of the automotive power plant. 
Practice varies for different engines, but as a general 
tule little carbon steel is used, except in the cylinders 
and for parts of low strength which may require deep 
forming or welding in their manufacture. Parts re- 
quiring high strength, such as crankshafts, connect- 
ing rods (Fig. 10), gears, shafts and many nuts and 
bolts, are quite generally made from structural alloy 
steels similar to those so widely used in the automo- 
tive industry. These may be the nickel, nickel-chro- 
mium or chromium- vanadium steels and their strength 
and hardness in the condition used is sometimes 
limited, as in crankshafts, by the necessity of machin- 
ing subsequent to heat treatment. 

The steels which have been most widely used in 
important parts of the power plant are included in 
Table C with notes concerning typical applications. 
The compositions given are representative but not ex- 
act and it should be noted that manufacturers have 
frequently used different compositions from time to 
time for the same parts in one make and size of engine. 


Cylinders and cylinder lincrs—The cylinders or cylin- 
der liners have most often been made of carbon steels. 
Those of the Gnome engines, manufactured in the 
United States about 1916, were made of about 0.5 per 
cent carbon steel forgings normalized after forging. 
Liberty engine cylinders, produced during the early 
part of the World War, were formed hot from seam- 
less steel tubing or pierced and drawn from forged 
blanks of steel containing about 0.4 per cent carbon 
and then heat treated. Steels containing about 0.45 
per cent carbon are used in the cylinder barrels of mod- 
ern air-cooled engines, such as the Whirlwind, Wasp 
and Hornet. 

However, carbon steels are not necessarily destined 
to hold sway in this field. One manufacturer is using 
nickel steel castings, another is using welded chro- 
mium-molybdenum steel, and there is a possibility 
that the nitrided special steels will find application in 
cylinder construction. Steel containing various com- 
binations of nickel, chromium and molybdenum with 
aluminum acquire a very hard surface when heated in 
ammonia at temperatures in the neighborhood of 930 
deg. F. and will not seize as readily as carbon steels 
when in contact with the metals ordinarily encountered 
in the construction of internal combustion engines. 


Crankshafts, connecting rods and other high strenath 
parts—The nickel-chromium steels containing about 1.25 
to 2.0 per cent of nickel and 0.6 to 1.10 per cent of 
chromium have probably been the most popular of 
the alloy structural steels used and in forging grades 
contain about 0.35 to 0.45 per cent carbon. However. 
there is not complete standardization with respect te 
the steels now used for crankshafts, connecting rods. 
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TABLE C—Typical Steels Used in Aircraft Construction. 


———— Chemical composition—per cent* 


Steel Cc Mn_~—sSi Ni Cr V Mo W_- Co Remarks 
For low stress engine parts 
Mild carbon .......... O.1S: (0:65 ac..- halae Gaate Seo ie lee ..+. Carburized—for camshafts. 
Mild carbon .......... 0.25. O65) Seles dae ei? Sides. wee Gisies aes Shah 
For forgings, including cylinders and cylinder liners. 
Medium carbon ....... 0.40% (0269). osha. eels GT Bn “ete 
Medium carbon ....... 0.50 0.65 1... weeee cee = 
Structural alloy steels for crankshafts, connecting rods and other high stress engine parts. 
3% nickelt ......... 0.40 0.65 .... 3.8 ces tte Ci eae sles Wonmectng #ods and bolls, 
Nickel-chromium ..... 0.40 0.65 .... 1.25 0.6 Gade: mative . Laneierals «+. Crankshafts. fe 
Nickel-chromium{ .... 0.40 0.65 .... 1.75 1.0 1... cece ce eee --»» Most popular composition for crankshafts. 
Nickel-chromium ..... 0.40 0.65 .... 1.0 10) ideas Stas esa 
Nickel-chromium ..... 0.35 0.65 .... 3.0 0.75 1... ..6. 0 cease 
Chromium-vanadium .. 0.35 0.80 .... ..... 0.9 0.18 .... wee oe 
Nickel-chromium ..... 0.15 0.65 .... 1.25 0.6 Said ndbara Stated --.. Carburized—for valve tappets. _ 
Gears and pins. 
Chromium-vanadium .. 0.50 0.70 .... 1... 0.9 0.18 .... ..... ae i Drive and reduction gears. 
5% nickel ............. <0.17 0.35 .... 5.0 ..... ees) cheaa® “ieee «-.. Carburized - 
Nickel-chromium ..... 0.12 0.45 .... 3.5 VS ed aes ae es .... Gears and case hardened pins. 
Nickel-chromium ..... 0.35 0.45 3.5 AeS) soho” wesieien seaVen's -... Oil hardened gears. 
Chromium-vanadium .. 0.22 0.80 .... ..... Being replaced by chromium-molybdenum. 
Chromium- molybdenum 0.30 0.50 .... ..... Saad : 
Mild carbon .......... 0.25 0.65 .... wees. -+++ ¢ Body steels—rivetted and welded construction. 
Very low carbon ...... 0.10 0.65 .... ..... 
Mild carbon .......... O38. #065 cies. seeds Gavan date. Pee sae «+++ U Body steels—rivetted and welded construction. 
Mild carbon .......... 0:25. 0.65" sea Seve es Seay Caen sisi 
Chromium- molybdenum 0.30 0.50 .... we... 0.9 0.20 ..... Large amount supplied for body work. 
Medium carbon ....... 0.45 0.65 1... .eeee eee ee MALS Sept Sere -... Streamline wire. 
Carbon-manganese .... 0:45° F208 «bee, eevee - ahdes site . Winds, <ahienie ...- Beading and general utility. 
High carbon .......... 0.95 0.30 1... ...05. cee iGear Seedy seeds -... Music wire for springs. 
Chromuim-vanadium .. 0.50 0.70 .... ..... 0.9 0.18 .... ..... --.. Valve springs. 
Valves 
Chromium-silicon ..... 0.45 ..... 2:5) 3655 8.0.0 ei Oh Kees .-.. Inlet and exhaust valves. 
Chromium-tungsten ... 0.60 ..... diashe \ tence 0.75 1.75 .... Inlet valves. 
Chromium-tungsten ... 0.60 ..... whitd!s “selene 3.5 13.5 .... Inlet and exhaust valves. 
Chromium-tungsten ... 0.60 ..... sett Watabes 3.5 ..-. 16.5 .... Inlet and exhaust valves. 
Cobalt-chromium ...... VS) heed: aes, <eatets 13.0 0.75% ecar 3.0 Inlet and exhaust valves. 
Miscellaneous parts. 

High chromium ....... <0.30 ..... tee. ASO: - codinio. Sotie Vi was .-.. Pump shafts, experimental. 
High-chromium ....... <0.12 ..... pase ASO sche ae SNR eens ests i Largely experimental where corrosion resistance 
High nickel-chromium . <0.12 ..... 8.0 20.0  ..... cece cece cee wea is desired. 
14% manganese ....... 2-00) ESO race? cad yee tine tite 4860s aaa -».- Tail skid shoe. 
High nickel-chromum . ax haere 2.5 25. Vie Gadde Gh ees .... For non-magnetic properties. 


*These are typical compositions but not all that have been used. Modifications are encountered depending upon personal preferences 


of individual manufacturers. 


+Same steel with 0.30 per cent C used in bolts on plane construction. 


Some makers use 0.60 per cent Cr instead of about 1 per cent. 


gears and other engine parts requiring high strength. 
So long as the required mechanical properties can be 
secured by simple heat treatment, the chemical com- 
position selected is of much less importance than the 
quality of the steel and the ease of forging and ma- 
chining. Flaky fractures, hair line seams or cracks, 
inclusions and lack of uniformity are viewed with 
suspicion and have probably caused more rejections 
than lack of strict adherence to simple chemical re- 
quirements, provided this did not alter materially the 


Google 


working properties and strength of the heat-treated 
parts. 

The constant search for better materials of con- 
struction in the aircraft industry is illustrated by the 
recent application to wrist pins, pump shafts, gears, 
and ball and push rod ends of nitrided chromium- 
molybdenum-aluminum steels. A typical composition 
is 0.40 per cent carbon, 1.5 per cent chromium, 0.20 
per cent molybdenum and 1.10 per cent aluminum. 

Valves—FExhaust valves in airplane engines are an ex- 
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ample of severe performance requirements. Operating 
conditions vary with the engine but temperatures up 
to 1600 deg. F. are encountered. Hollow stems filled 
with oil, mercury or salt have been used to reduce 
the operating temperatures and this device, as well as 
other features of design, has been helpful in prolong- 
ing the life of valves. However, there is still need for 
improved valve steels which will better resist ero- 
sion from the hot exhaust gases, have a low rate of 
oxidation, maintain their hardness at exceedingly high 
temperatures and permit easy fabrication and the pro- 
duction of hard strong stems. 

Many steels have been used for valves but those 
most generally applied at present are the chromium- 
silicon, the cobalt-chromium and the high-tungsten- 


FIG. 10—Crankshaft assembly of the air-cooled Hornet motor. 
Courtesy of Pratt & Whitney Aircraft Company, Hart- 
ford, Conn. 


chromium steels whose compositions are shown in 
Table C. 


A promising development in valve steels is the 
nitriding of chromium-silicon-aluminum steel, contain- 
ing about 8 per cent chromium, 2.5 per cent silicon, | 
per cent aluminum and 0.45 per cent carbon. Another 
steel now used in the exhaust valves of a well-known 
air-cooled engine is a chromium-nickel-silicon stee] 
whose composition is based on stainless steel. This 
steel is of metallurgical interest, since it does not react 
in the same way as ordinary steels to the usual proc- 
esses of heat treatment. 


Propellers—The wooden propeller has now been re- 
placed quite largely by the metal propeller, which 
does not tend to chip and split when operating in snow 
and sleet. However, metal propellers are subject to 
fatigue and failures from this cause and sometimes 
encountered after relatively short service. (Fig. 5). 


The majority of metal propellers are made of a 
forged aluminum alloy containing about 4.5 per cent 
copper, 0.75 per cent manganese, 0.75 per cent silicon, 
balance aluminum. Steel propellers have been pro- 
duced and according to some writers*} are entirely 
satisfactory, give an increase in the rate of climb and 
the top speed of the plane and are recommended for 
fast planes. 

Aircraft Construction 


Fuselage and control surface construction is gen- 
erally either of steel or duralumin, while the wing 
structure is most often made of wood or duralumin 
with steel fittings and wires. Steel is used for spars. 
especially in large units, but the wing ribs are usually 


*W. P. MacCracken, Jr., “Commercial Aeronautics and 
Steel,” Iron Age, Vol. 119, No. 14, April 7, 1927, p. 987. 

TA. Klemin and G. F. Titterton, “Materials of Aircraft Con- 
struction,” Heat Treating and Forging, May, 1928, p. 518. 
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of duralumin or wood. The landing gear and engine 
mounts are generally made of steel but aluminum 
alloy construction is also found. 

Steel construction is generally based on seamless 
steel tubing with welded joints. Duralumin construc- 
tion requires riveted joints in formed sheets or tubes, 
as it is impracticable to secure satisfactory welded 
joints. Hence, there is an enormous amount of hand- 
work in the usual duralumin construction. However, 
it has an advantage over the steel of lower weight and 
higher stiffness for equal strength, but it is more ex- 
pensive under the present conditions-of small produc- 
tion where die costs cannot be distributed over a large 
number of units. There is some question whether 
welded steel joints have the necessary degree of reliabil- 
ity, but recent improvements in electric welding prac- 
tice will probably do much to eliminate such questions. 
Steel has the advantage over the aluminum alloys in 
bearing surfaces, where high strength and relatively 
high hardness are desired, and in the cost of fabri- 
cation. 

A single-seat fighting machine which, with the ex- 
ception of the landing gear, is constructed almost en- 
tirely of duralumin, with a 200-hp. motor, covering 
and equipment, but without gasoline and oil, weighs 
only 1027 lbs. 

As a general rule, socalled duralumin construction 
includes the use of appreciable percentages by weight 
of steel. A typical example is the Martin Model T 4 
M-1. While largely of duralumin construction, Table 
D shows that the steel fittings and other steel parts 
constitute about 31 per cent of the dead weight with- 
out engine. This is about the same proportion of steel 
found in a well-known commercial plane, the con- 
struction of which may be characterized as steel and 
wood. The steel used is roughly 25 per cent of the 
empty weight of about 3,000 Ibs. 


TABLE D—Summary of Weight of Steel Parts of 
Martin Model T4M-1 Airplane.* 


Total Weight Per cent 
weight of of steel weight 


Item group parts _ of steel 
Wane PTOUD: sis sade nanroodenseaees 1094 291 26.6 
all POUL sty coe wits siete -assalaemass ate 131 29 22.2 
BuUSCla@e <casi dccsitssaxinees sad vod 717 172 24.0 
Landing gear, arresting gear, etc... 441 185 42.0 
Power plant; total: i25.cacsaacnenes 1154 ais sia 
Power plant less engine ......... 404 218 54.0 
Fixed -€quipment: coc.csc.ccamsees ose 353 90 26.0 
Déad load,. total) asacccccisvacacias 3890 


3140 985 31.4 


Dead load, less engine ........... 
*Courtesy of Glenn L. Martin Company, Cleveland, Ohio. 


The welded steel tube construction is widely used 
in fuselage and control surfaces. While less expensive 
than the riveted duralumin construction, careful weld- 
ing technique is required to avoid cracked joints and 
distortion of complicated structures, such as engine 
nacelles. 

Only a few steels have been generally adopted for 
stressed members of aircraft. These comprise mild 
carbon steels in the form of sheets, bars and tubing, 
medium carbon steel for forgings and tubing, high car- 
bon steels for springs and tension wires, chromium- 
molybdenum steel sheets, bars, and tubing. The chro- 
mium-vanadium steel sheets formerly used have been 
replaced largely by chromium-molybdenum steel 
sheets. Typical compositions are shown in Table C. 
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Sheets and tubing—Mild carbon steel sheets, bars and 
tubing are used in the manufacture of fittings but have 
been supplanted by chromium-molybdenum steel 
sheets and seamless tubes where high strength 1s 
desired. 

Tubing is also used in the landing gear. Steels 
containing 3.50 per cent nickel or about 1.25 per cent 
nickel and 0.6 per cent chromium have been used, but 
are being replaced to a considerable extent by the chro- 
mium-molybdenum steel. The tubes used in axles are 
generally quenched and tempered for tensile strengths 
in the neighborhood of 175,000 to 200,000 Ibs. per sq. 
in. and offer problems in heat treatment. 


Wire—High carbon steel wire in round, square and 
streamline sections is used for tension members, such 
as tie rods, drift wires and stays. The streamline 
form is employed for exposed parts and the others for 
internal construction. Stranded steel cable is found 
in the control wires which are subject to bending and 
must be flexible. Stiff cable is used for bracing. 


Miscellaneous—Ordinary carbon steel castings have 
not yet found application in aircraft construction, but 
have been tried experimentally in landing gears. The 
14 per cent manganese steel is used in the tail skid 
shoe, where a high degree of toughness, resistance to 
shock and wear are important. 

Stainless steels have not yet been used extensively 
for aircraft construction but offer promising possi- 
bilities. For example, water tight pontoon construc- 
tion is difficult to obtain with duralumin, which tends 
to corrode at welded points unless heat treated subse- 
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quent to fabrication. As heat treatment is generally 
impracticable, riveted and caulked joints are now used. 
Satisfactory joints have been obtained in experiments 
with soldered stainless steels, and this practice is 
simpler and cheaper than that required with the pres- 
ent aluminum alloys. 

A limited application of stainless steels is found in 
engine exhaust pipes and exhaust line valves. 

The tonnage requirements for steels for aircraft 
construction will probably remain a small part of the 
total steel production, since one object always in view 
is to keep down the dead weight of flying equipment. 
llowever, since special steels are needed, the market 
value of the demand is high. Expansion in manufac- 
turing facilities will create a demand for machine tool 
equipment and the customary tool and die steels and 
there will likewise be needed a considerable amount 
of structural shapes and sheets for airport and airway 
construction. There should, therefore, be some meas- 
ure of attractiveness in the business which will even- 
tually come to the steel industry from the aircraft 
industry. 

Steels will probably continue as one of the principal 
metals of construction, especially for large flying units, 
unless technical progress in the steel industry is over- 
shadowed by developments in non-ferrous metallurgy. 
Stecls at least equal to those used for important parts 
of automotive equipment are required, especially for 
engine parts, and there is evidence that much of the 
demand will be for materials of super-quality, that is, 
of an exceedingly high order of purity, cleanliness 
and uniformity. 


Present Status of Structural Steel Welding’ 


Pertinent Questions Regarding Welding and Bearing on the Use 
of Welding in Fabricated Steel Structures Are Here Clearly 
Answered — Features of Practical Interest Covered 


By F. T. LLEWELLYNt 
PART II 


esses be standardized? The answer to this ques- 

is “Yes”! Specifications covering the making of 
welds by the d.c. metalarc process, and by the oxy- 
acetylene gas process, have already been prepared by 
the Structural Steel Welding Committee, and are be- 
ing distributed in printed form (sections C and D) to 
the fabricating shops participating in the preparation 
of specimens. The committee preters to postpone any 
general distribution of these specifications until the 
conclusion of its major program, when it should be 
evident whether modification of the requirements is 
desirable. 
’ In addition, a number of representative shops are 
now engaged in structural welding on a commercial 
basis, and many of these have prepared for their own 
use suitable specifications covering methods of making 
welds. There is reason to expect that details will also 
be standardized. Already we are using 3%-in. fillets 
as standard in much the same way as 34-in. rivets 
have been standard in older methods of fabrication. 


Cc. methods of making welds by different proc- 


*Abstract of paper before the American Iron & Steel In- 
stitute, New York, October 26, 1928. 
+President, American Welding Society, New York City. 
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An authoritative specification covering method will 
doubtless be available to the industry within the next 
year or two. The demand is apparent. 


Can Values be Fixed on Some Unit Basis for the 
Strength of the More Usual Types 
of Welded Joints? 


To this question the writer would give a qualified 
answer. For quiescent static loads, “Yes”! For dy- 
namic loads, “Probably Yes”! Welded joints sub- 
jected to considerable shock require further investiga- 
tion. Some of the writer’s associates in the welding 
fraternity may consider the qualification as regards 
dynamic loads to be unduly conservative; but there is 
evidence that forms of welded joint, which have a 
known resistance under static load, cannot when 
merely increased by the usual impact ratio be con- 
sidered to have the same resistance under shock. It 
docs not follow that welded joints are unsuited to re- 
sist shock. Many structures are now in use where they 
perform this function very efficiently. It is a fact, 
however, that our knowledge as to their precise be- 
havior under shock is limited, and the need for fur- 
ther study along this line is urgent. 
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The situation with regard to welded joints sub- 
jected to quiescent or static load is entirely different. 
We have hundreds of tests under this kind of load- 
ing, whose results agree with as much uniformity as 
do those on unfabricated steel, and with more uni- 
formity than many of the tests that have been made 
on steel fabricated by other methods. 

In discussing the properties of welds it is necessary 
to distinguish between the strength of the neat de- 
posited metal and the strength of the joint as a whole. 
Dustin reports a series of tests, made at Brussels, on 
deposited metal without reference to the members to 
be joined, using three different brands of coated wire. 
He does not state whether a.c. or d.c. was employed. 
The three brands of wire are here designated respec- 
tively by the symbols B, T, and N. All of them were 
of mild steel containing 0.10 to 0.14 per cent carbon. 

Wire B was very high grade, but costly. It was 
electroplated with 1.25 per cent of nickel and carried 
a thick coating confined by a braided asbestos cover- 
ing. It is not representative of grades commonly used 
in America for structural work, but its results are in- 
teresting as showing the high physical properties that 
can be secured by the use of a suitable wire. 

Wire T carried no nickel and had no enveloping fab- 
ric. Except for its heavy coating, it seems to parallel 
the better grades of wire that are used in this country 
for structural work, its carbon being intermediate 
between our classes E 1 A and E 1B. 
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AN ECCENTRIC WELD 
LIKE THIS SHOULD NEVER 
BE USED 


AN_ECCENTRIC ANGLE 
LIKE THIS MAY BE USED 
FOR MINOR JOINTS 


FIG. 2 (upper)—Gauges for fillet and butt-welds. 
FIG. 3 (lower)—Comparison of eccentric joints. 


December, 1928 


Wire N was a cheap grade, corresponding appar- 
ently to material used here for minor repair work, ex- 
cept that it had a thin coating. 

Table B shows the ultimate tensile strength of 105 
specimens, of three sizes, corlsisting of neat weld 
metal deposited by wires B, T, and N. We may ap- 
proximate their averages at 70 kips for metal B, 96 
kips for metal T, and 50 kips for metal N. The uni- 
formity of the results for each metal is very satisfac- 
tory. Not less so is the fact that even those specimens 
that showed small visual defects developed values 
well above the yield point of mild rolled steel. 


TABLE B—Tests on 105 Specimens of Neat Metal (Dustin). 


Ultimate tensile strength in kips (1000 Ibs.) per square inch. 


Metal N 
-— Diameter, in.— 


Metal T 


r— Diameter, in. ~ 


Metal B 
Diameter, in. 


0.39 0.79 1.18 0.39 0.79 1.18 0.39 «0.79 1.18 
69.8 78.4 71.1 54.1 59.9 58.5 43.4A 42.7A 47.8 
69.8 76.9 69.8  42.8A 59.9 60.6 40.6A 37.8A 46.4 
74.0 67.6 71.1 39.9A 62.6 60.6 44.1A 36.4A 46.4 
72.5 75.5 73.5  44.2A 62.6 64.7 42.7A 46.5 47.8 
74.0 6.9 63.8 57.0 57.7 48.3 49.8 49.8 41.3 
68.3 71.1 59.1 59.2. 60.5 51.2 54.0 54.0 41.2 
wee. 73.4 61.2  43.5A 57.0 49.8 44.1A 52.0 40.6 
74.0 68.2 58.4 57.0 .... 49.1 49.8  .... 
71.1 59.8 57.6 50.5 41.3A 49.8 
75.5 65.5 64.7 60.5 54.0 49.8 
62.6 64.0 64.7 53.4 59.8 56.3 
62.6 ... 59.1 62.6 57.0 54.0 
66.9 .. 55.5 58.4... 0 eee 54.0 
76.9) wou ee eete S020 eae adsu Soin 
76.9) Sic teen ais DOI Ati. Gawd ceeies 
68.3 6... cece ee S720) Saures ewe ther: Hse eas 
1929) Be eak* . Setaads S710 fees Sealed: a kstek 
eS cog, Waser MeO, chain sigeke 
Sees 6 56.6 .... sie Ries, “Liesesaee 


Gross Averages 


71.3. 71.7 66.0 54.0 59.0 56.2 48.4 48.4 44.4 


Net averages dis- 
regarding 13 
specimens (A) 


with visual def’ts 59.0 59.0 56.2 54.0 51.3 44.4 


Table C shows the results of slow tension tests on 
21 small specimens. The values for ultimate tension 
agree fairly well with those of Table B. The yield 
points average approximately 51 kips for metal B, 42 
kips for metal T, and 38 kips for metal N. The elon- 
gation values definitely reflect the respective qualities 
of the wires used. 

Other tests on metals B and T indicated moduli 
of elasticity under tension of 29,000 kips, and under 
shear of 21,000 kips. These are substantially the values 
for mild rolled steel. They also indicated average 
ultimate strengths under shear of 48 kips for metal B 
and 41 kips for metal T, with corresponding yield 


' points of 27 and 22 kips. Dustin’s tests for impact and 


fatigue were not very regular or conclusive. He warns 
against the use of any but high grades of wire in 
structures where much shock is to be withstood or 
where there will be alternating repeated stress of con- 
siderable amount. The Lloyds Rules require a weld 
subject to fatigue to resist 12.8 kips per sq. in. for 
5,000,000 cycles. This value is about half the yield 
point of sound weld metal deposited by good grades 
of wire. 
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_ TABLE C . long, which can be applied to 4, %, %, 56, 4, H%, and 
Slow Tests on 21 Specimens of Neat Weld Metal (Dustin). 1 in. butt welds, and 4, %, %, $6, 4 and % in. fillet 


welds. The method of application is shown at the bot- 


All specimens 0.39 inch diameter BP sh : , 
tom of the figure. The limiting dimensions are tabu- 


: 7—Kips (1000 Ibs.) per sq. in.— — elongation lated in Table D. These gauges have been used com- 
Deposited metal Ult. tens. strength Yield point in 3.9 in. mercially by the Newport News Shipbuilding & Dry- 
dock Company for some years and are now being em- 
72.5 $4.5. 12.0 : : 
72.1 50.0 27 ployed in the major program of the Structural Steel 
Bisusdesd teas 71.3 55.0 18.9 Welding Committee. A system for checking the 
71.1 50.0 24.0 number and location of welds is essential. 
69.8 49.8 10.0A 
62.6 51.2 7.6A TABLE D—Dimensions for Weld Gauges (Inches). 
Averages ..... 69.8 51.3 17.2 Fillet Welds 
59.8 46.5 25.0 Nominal -—— Throat ——X Dimension 
eee 70 a7 2 size (A) Min. (B) Normal Radius (C) (D) 
3 . 18. y 177 221 3/16 5 
56.0 43.9 .B 4 oe “309 iS 3/16 
52.7 42.0 7.6A 4; “384 aos 2 “A 
Averages ..... 56.7 42.4 16.8 % 442 486 vA 5/16 
Y .530 .574 % K 
55.2 43.4 19.3 KR .619 -663 % 7/16 
56.0 43.0 20.0 
54.3 41.5 ...B Note—Dimension (D) is symmetrical about 45 deg. axis from 
59.7 28.4 ..B corner of gage. At no point shall weld fall below triangle of 
Ne cers eeteeae o8 51.2 31.3 4.1C its nominal size, nor exceed triangle of nominal size % in. greater. 
42.7 34.1 3.0C 
55.5 39.8 16.0D Butt Welds (Angle between bevels 75 to 90 deg.) 
ee ace ae 
: 4 12.0D __ Width 
Averages re 53.8 38.4 12.3 Nominal Reinforcement for Reinf'ment for double Max. 
pita “Stier Make Sas Mae “ae. oe 
A—No serious defect visible. thickn’ss (F)  (G) Normal (F) (G) Normal (K) only 
B—Broke beyond gage-marks. 
C—Serious visible defects. yy 063 .125 3/32 1... 0... eee 5/8 1 
D—Broke between shoulders, but beyond range of exten- ¥ 063 .156 3/32 .... «2. wee. = 15/16 15/16 
someter. y 094 187 iy ones ase nge iacce od 1/4 15/8 
. . ¥% wees eens cease 050) 6150 = 3/32 5/8 1 
The use of gages is recommended in order that the ys sees eeee ceee 063.162 3/32 25/32 11/8 
welds as actually made shall conform to theoretical e nae, Geta “Be ae ee a ee fie ice 
dimensions within reasonable tolerances. In Fig. 2 is 1 TE 00 1200 8732-1 «41:5 78 


shown a Set of five convenient gages, each only 41% in. 


TABLE E—Some Welded Buildings Erected in 1927-1928. 


No. Approx. 
— Size, ft. of steel 
Location Owner Description W'dth L’gth stories ton’age Class 
Derry, Pa. .........65 Westinghouse E. & M. Co. Light manufacturing building 164 460 1 350 1 
W. Philadelphia, Pa. ..General Electric Co. Manufacturing building with crane runways 138 552 2 1000 2 
Pittsfield, Mass. ...... General Electric Co. Manufacturing building oe oo ¢ 250 1 
Chicago, If. ...... ..- Mississippi Valley S. S. Co. Steel warehouse with crane runways 3s 340 1 “400 2 
ear 
Emeryville, Cal. ......Associated Oil Co. Automotive shop et 1 300 2 
ear 
Hot Springs, Va. ..... Homestead Hotel Addition to hotel tea 1s 6 $50 : 
12 sass 
Atlantic City, N. J. ...Chalfonte-Haddon Hall Power house 72 79 6 350 5 
N. Tonawanda, N. Y...Tonawanda Power Co. Office building a ey 4 200 1 
2 2 Sena 
New Haven, Conn. ...Yale University Supports for book stacks 150 220 18 5 
150 ft. 
TABLE F—Some Welded Bridges Erected in 1927-1928. 
7— Spans— Total Approx. 
: Num- L’gth_ length © steel 
Location Owner Description ber (ft.)  (ft.)— ton’age Class 
Leavenworth, Kan. ...C. and G. W. R. R. Co. Reinforcement of railroad bridge 3 ais 1100 100 3 
Havre de Grace, Md...State of Maryland Double decking of highway bridge coe 250 3300 1500 3 
Chicopee Falls, Mass...Boston & Maine R. R. Single track railroad bridge - 1 a 170 100 2 
kew 
Bound Brook, N. J. ... Public Service Co. Renewal of highway bridge 2 85 170 50 3 
Memphis, Tenn. ...... Harahan Bridge Widening of roadway eee wed ase 250 3 
New York, N.Y. ..... Interboro R .T. Co. Girders for crane runway bce ets 1800 150 Spec. 


Google 
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FIG. 4 (left)—Detail, General Electric Company building, Philadelphia. FIG. 5 (center)—Column splice, hotel, 
Hot Springs, Va. FIG. 6 (right)—Beam connections, hotel, Hot Springs, Va. 


Allowable working unit values for fillet welds ap- 
pear to be crystallizing at about 28 per cent of the 
ultimate strength under shear of the neat weld metal. 
This per centage assumes the depth of throat to be the 
minimum permitted by the gages. Thus, a value of 
3000 Ibs. (3 kips) per linear inch is in frequent use for 
the popular 3-in. fillet. Pending the final report of 
the committee, this value (under static load) seems to 
be suitable for properly made welds, and it further 
looks as if a safe value for other usual sizes of fillet 
can be figured on the basis of one kip per eighth of an 
inch of nominal size. 

It will be noted that, whereas the yield point of 
mild rolled steel is usually a little more than half its 
ultimate strength, the yield point of weld metal, as 
shown by Table C, is from three to four-fifths its ulti- 
mate strength. This means that, with the same factor 
of safety as referred to ultimate strength, the weld has 
a considerably higher factor of safety as referred to 
the more critical yield point. 

Perhaps the most convincing proof that unit values 
for the strength of welded joints can be determined is 
the fact that such values have been, and are now be- 
ing, employed commercially in the design of a large 
number of important structures with entire satisfac- 
tion to all concerned. A year ago Prof. McKibben 
compiled a list of 55 such structures. A few examples 
of recent welded construction in America are cited in 
Tables E and F. The classification is explained in our 
answer to Question Six. 


Is There Some Way of Determining the Reliability 
of the Completed Weld? 


This is doubtless the most important question to be 
answered. All the foregoing features are secondary as 
compared with the question of reliability. Whether a 
structure be designed with unit stresses of 2000, 2500, 
or 3000 Ibs. per linear inch of fillet weld is of little 
consequence unless the weld is good. On every hand 
one is asked, “How can we be sure whether a weld is 
sound? Can we eliminate the human equation?” These 
are natural and proper questions, and nothing is to be 
gained by side-stepping them. 

If welding is to be considered seriously as a struc- 
tural tool similar confidence in its results must be 
given opportunity to develop. This may be done in 
several ways: 

1—By familiarity. Let every structural shop 
do some welding, no matter by what process. lf 
there be any resitancy regarding major joints then 
weld the minor ones, but install at least one equip- 
ment and use that as a nucleus. Let us become 

“Welding minded!” 
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2—By flame-cutting out short sections of weld 
and examining their interior. They can readily be 
replaced by the process of welding without detri- 
ment to the joint. 


3—By occasional non-destructive tests on por- 
tions of a completed structure, with loads of, say, 
one and a half times those for which it was de- 
signed. ‘ 


4—Most important of all, by qualification of the 
welder. This is very necessary, and fortunately it 
is both feasible and significant. The Structural 
Steel Welding Committee has prepared a specifica- 
tion for qualifying welders (Section B) whose re- 
quirements cover what may reasonably be expected 
in commercial practice. 


5—By a proper selection of welding wire. The 
importance of this feature has already been em- 
phasized in Answer One. 


Can the Welding Operations be Done at a 
Competitive Cost? 


To this question the writer would give a qualified 
answer. For certain classes of work, “Yes!” For other 
classes of work, costs so far available have been higher 
than for older methods of fabrication and assembly. 
The higher costs appear to be reflected, not so much in 
the expense of making the welds themselves, as in the 
labor involved in preparation. In certain kinds of 
work this labor resulted from the need of cutting 
rolled steel members to closer length tolerances than 
are the established practice at the mills. In all cases 
where material had to pass through a shop, costs were 
augmented by the fact that so far there has not been a 
sufficient volume of structural welding to keep a given 
shop continuously busy. 

With fabricating shops organzied along existing 
lines in which welded jobs are undertaken only occa- 
sionally, the following classification of work from an 
economic standpoint seems to represent our experience. 


1—Competitive costs can be secured on low 
beam-and-column buildings whose details are suffi- 
ciently simple to permit the rolled steel members 
to be shipped unfabricated from the mill direct to 
the site, thereby requiring only field welding. 

2—Competitive costs can be secured on certain 
types of shop-welded structures in which consider- 
able savings in weight are securable, notably in 
truss-work wherein the net section of tension mem- 
bers is a criterion and where gusset plates and other 
expensive details can be largely eliminated. Such 
work is exemplified in Fig. 4. 


(Continued on page 1613) 
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A History of the Combustion Engine 


Early Types Cited and Development Traced Leading Up to the 
Efficient Mechanisms that Bid Fair to Rival the 
Steam Engine as a Prime Mover 
By J. H. GALLAWAY* 


first gas engine. The bottom of the cylinder of this 

engine was heated by fire and a few drops of tur- 
pentine were introduced and evaporated by the heat 
as the piston was drawn up. Air which entered the 
cylinder mixed with the combustible vapor and the 
application of a gas flame through a port caused an 
explosion. Although this engine was very crude, the 
idea was a practical one. 

The next development of importance was Lebon’s 
engine patented in France in 1790.) A> combustible 
mixture consisting of gas and air was compressed by 
pumps and discharged into a combustion chamber 
where detonation occurred. The hot gas under, pres- 
sure was delivered to the working cylinder. Tebon's 
engine was of the double acting type and although 
his ideas were quite crude, the engine was the first 
to employ the constant pressure principle which is so 
prominent today in the theoretical Diesel engine. 

The Brown engine patented in 1823 and 1826 was 
of a more practical design than its predecessors al- 
though it was uneconomical and of inordinate propor- 
tions with regard to horsepower developed. Two ap- 
plications of this engine are of unusual interest. In 
1826 a Brown engine with cylinder dimensions of 12 
in, x 24 in. was applied to an automotive vehicle. 
In a test run conducted May, 1826, the vehicle as- 
cended a grade of 13!4 in. in 12 ft. In 1827 a 36-ft. 
boat equipped with a Brown engine made a speed of 
7 to 8 miles an hour on the Thames River. In 1832 
there were four water pumping engines in service. 

The Barnett engine patented in 1838 marks one of 
the important mile stones in the development of com- 
bustion engines. William Barnett was the first inven- 
tor to adopt the system of compressing the combus- 
tible mixture before igniting it and he also invented 
an ignition cock that was widely used for over 50 
years. 

In 1855 the engine patented by A. V. Newton used 
a new system of ignition in the form of a hollow cast 
iron plug projecting into a combustion chamber that 
communicated with the working evlinder. A gas flame 
which was projected into the hollow of the plug main- 
tained a red hot temperature of the metal, and as the 
piston uncovered a port between combustion chamber 
and working cylinder, combustion occurred. This svs- 
tem of firing combustible mixtures, now called surface 
ignition, was widely adopted in various modified forms 


[' 1794 Robert Street, an Englishman, patented the 


*Engineering staff, De a Vergne Machine Company. 


Google 


and is used extensively to this day. Electric spark 
ignition was introduced by Barsanti and Matteucci in 
their engine patented in 1857. 


Commercial Applications Begun 


The year 1860 marks the beginning of public use 
of combustion engines as it was in that year that 
Lenoir, a Frenchman, had his first engine built in 
Paris. ‘This engine was designed along the general 
lines of existing steam engines, and although no novel 
ideas were incorporated in it, the practical difficulties 
encountered by other inventors were worked out to 
such an extent that 300 or 400 of Lenoir engines were 
in use as early as 1865, and several of them built in 
that year are said to be in operation today. 


Beau de Rochas in 1862 made some very valuable 
contributions to gas engine development, as it was he 
that suggested the well known four stroke cycle prin- 
ciple on which the majority of combustion engines 
now operate. He seems to have had a clearer under- 
standing of combustion and expansion of gases and 
the transmission of heat through water jackets. De 
Rochas proposed to ignite the combustible mixture 
by the heat generated in compressing it, which method 
was destined to become universally used in the Diesel 
engine. It is interesting to note that his proposed 
compression ratio of four to one for gas engines is 
used to this day. 

Otto and Langen built their engine in 1867 using 
only principles conceived but rather crudely applied 
by their predecessors. These German engineers 
adopted a practice now followed by present day de- 
signers, which is to say they developed their engine. 
Their engine was serviceable and the fuel consump- 
tion was less than one-half that of the Barsanti and 
Matteucci engine, with which it was identical in 
principle. 

All combustion engines that had been proposed or 
built up to this time were gas engines, but it remained 
for an American named Brayton to develop the first 
oil engine, in 1873. The engine was first developed as 
a gas engine, but its economy was not as high as the 
Qtto and angen engine, or the Lenoir engine, and 
this consideration induced Brayton to modify his de- 
sign in order to operate it on petroleum. Mr. Brayton. 
used a felt covered metal grating located in the cylin- 
der head and onto which liquid fuel was delivered by 
a metering pump. An air compressor pumped air 
through the grating and the stream of air charged 
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with fuel yapor absorbed in passing through the grat- 
ing was ignited by the flame fed continuously by 
the fuel. 


Otto Engine Forerunner of Present Gas Engines 


In 1876 Dr. Otto brought out his second gas en- 
gine which was a great improvement over his exgtne 
of former days. He adopted the four stroke cycle 
principle suggested by De Roches in 1862 and worked 
out the details of the engine to such an extent that 
it soon became widely used. Gas engines of today are 
quite similar in principle to Dr. Otto's engine. 


The Hornsby-Ackroyd engine, developed by Mr. 
Stewart Ackroyd, was patented in 1891 and almost 
immediately became widely used throughout the civil- 
ized world. Many of these engines are still being 
operated every day in oil pipe line service in nearly 
all important oil fields of the world. 

The illustration shows one of these engines in 
Perryman Station of the Gulf Pipe Line Company 
near Jenks, Okla., where they were installed 21 years 
ago. The Hornsby-Ackroyd engine was the first en- 
gine to be equipped with a practical surface ignition 
or hot ball system of ignition which is sometimes 
called semi-Diesel. Liquid fuel under pressure was 
injected through an atomizer and against the hot sur- 
face of a vaporizer or hot ball which was heated by a 
torch before starting the engine, the high temperature 
being maintained thereafter by combustion in the 
cylinder. Compression pressure was about 40 lb. per 
square inch and the injecting mechanism was timed 
in such a way that injection occurred during the suc- 
tion stroke, the fuel pump being actuated by the air 
inlet lever. The four stroke constant volume or ex- 
plosion cycle was employed. 

The Hornsby-Ackroyd engine was introduced in 
America in 1893 by the De La Vergne Machine Com- 
pany as licensees. It was the first commercially suc- 
cessful oil engine in the world and the forerunner of 
the now well known Diesel engine. 

The system of injecting fuel by means of an inde- 
pendent pump placed the engine in an entirely differ- 
ent field compared with its predecessors as it permit- 
ted the use of a wide range of inexpensive liquid fuels 
and omitted the carburetor and the electric ignition, 
parts which caused the most difficulties in those days. 
The ignition of the Hornsby-Ackroyd engine was 
timed by the size of the vaporizer and the temperature 
and size of the hot cap. If the fuel of a different char- 
acteristic had to be burned a change of vaporizer and 
cap was often necessary which was costly and com- 
plicated. In order to make the engine adaptable for 
different fuels and to reduce the fuel consumption, the 
oil was injected during the compression stroke and 
the compression pressure was increased. 


Types Diverge Into Three Classes 


At this point it may be well to digress for a few 
moments to discuss some of the fundamental princi- 
ples of combustion engines. The true working medium 
of any internal combustion engine is atmospheric air 
and in a broad sense the different types of engines 
vary only in the methods employed to introduce fuel 
into the cylinder where it is burned for the purpose of 
causing the entrapped air to expand behind a piston, 
thereby performing useful work. There are three major 
types of combustion now in general use. 
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1—The constant volume type in which the working 
medium or air in the cylinder is heated at constant 
volume with an increase of temperature and an in- 
crease of pressure. This cycle is used in Hornsby- 
Ackroyd engines, in gasoline engines of the automo- 
tive type and in those included in this general classi- 
fication. 


2—The constant pressure type in which the work- 
ing medium is heated at constant pressure and con- 
stant temperature with an increase in volume and-a 
decrease in pressure. This cycle is employed in the 
theoretical Diesel engine but there is a tendency to- 
ward modification of the Diesel cycle along lines that 
somewhat approach the constant volume or explosion 
type. 

3—The Sabethe type which employs a combination 
of the constant pressure and constant volume cycles. 


In 1893 Dr. Rudolph Diesel published a paper in 
which he specified the principles of an engine that 
would operate on a wide range of cheap fuels and at 
a very high thermal efficiency. He sought to realize 
these objects by adopting the following working prin- 
ciples: 

1—Compressing pure air in the cylinder.to a high 
pressure in order to produce the highest temperature 
of the cycle before introducing fuel. 


2—The slow injection of fuel into the highly com- 
pressed and heated air in a manner that would insure 
isothermal combustion or combustion at constant tem- 
perature and by adjusting the proportions of air and 
fuel to eliminate the necessity of water cooling. He 
proposed to compress the air in two stages in order 
to obtain both isothermal and adiabatic compression. 


The first stage of compression from atmospheric 
pressure to about 28 lb. was to be isothermal or with- 
out increase of temperature and the second stage from 
28 lb. to about 350 lb. was to be adiabatic or without 
cooling. His first idea was to operate the engine on 
powdered coal, but after experimenting for several 
years, the .engine was so modified as to show very 
little resemblance to the engine originally proposed 
and it was found that it could not be operated on any- 
thing but liquid fuel. 


After making many thermodynamic and mechani- 
cal changes, the first public experiments were made 
in 1897. In 1898 three Diesel engines were exhibited 
in Munich and a two cylinder 60 hp. engine built in 
this country was installed in the Anhauser-Busch 
Brewery in St. Louis. From that time, the commercial 
application of Diesel engines commenced. 

The thermal efficiency of the Diesel engine is 
higher than that of any other type of heat engine. A 
fuel consumption of .4 lb. per bhp. is quite common 
even in engines of small cylinder sizes and with fuel 
having a calorific value of 18,500 Btu. per pound, this 
represents actual thermal efficiency of 34.4 per cent, 
assuming a mechanical efficiency of 78 per cent and 
a brake mean effective pressure of 75 Ib. per square 
inch, which represents an indicated thermal efficiency 
of 44.2 per cent. 

Because of the short time interval of fuel injec- 
tion, which occurs over 10 per cent to 12 per cent of 
the working stroke, and difficulties of obtaining a 
thorough distribution or mixing of the fuel with the 
air, Diesel engines are usually designed to take in 75 
per cent to 100 per cent more air than is theoretically 
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(Top row, left to right)—The Brown engine. The Barnett engine. The Barnett ignition cock. Barsanti and Mattencci engine. 
(Center row, left to right)—The Lenoir engine. Otto and Langen engine. Type “HA” engine at Perryman station. 
(Bottom row, left to right)—First American Diesel engine. 15,000 hp. Blohm and Voss engine. 1,125 hp. De La Vergne 


engine. 


required to burn the fuel. By reducing the percentage 
of excess air required to burn the fuel, the thermal 
efficiency of the engine itself will mot be materially 
improved in the immediate future although considera- 
tion is now being given to the utilization of the heat 
in exhaust gases to generate steam for application to 
the piston on the order of a double acting cylinder, 
one end of which operates on the Diesel cycle and the 
other end on a steam cycle. 

An engine of this type has actually been built in 
England but no consideration has been given it in this 
country for the reason that we have an abundance of 
cheap fuel which makes the further improvement of 
thermal efficiency relatively unimportant. Reliability 
and low cost of maintenance are the two problems 
that have been given the utmost consideration by 
American Diesel engine builders and so much _ has 
been done to improve the Diesel engine in these re- 
spects that the engine is now considered as reliable 
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as any other type of prime mover, not excepting steam 
engines. 

In a small municipally owned electric plant at Ash- 
land, Kan., an engine recently completed a non-stop 
run of 457 days or one year and three months which 
is thought to be a world’s record for continuous op- 
eration of any type of prime mover. 


Features in Development of the Diesel Engine 


In the early days of Diesel engine use, the main- 
tenance cost was excessive in many cases but this was 
largely the result of incorrect design of some parts, 
incorrect installation, overload conditions and incom- 
petent operators. Cylinder head failures and crank- 
shaft failures were quite common but modern engines 
are so designed that these troubles rarely occur in 
plants where non-scale forming cooling water is used 
and where operating conditions are such that the en- 
gines may be given proper attention. Unusually low 
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maintenance records are now quite common. A plant 
in the middle west where two small engines were in- 
stalled about 10 years ago and where two larger en- 
gines have been installed during the past four years 
has an average yearly maintenance record of only 
$290. In one small plant consisting of two 130-hp. 
engines driving electric generators, the actual cost of 
repair parts used during the past seven years has been 
only $377 or about $54 per year. This plant was care- 
fully designed to meet specific operating conditions, 
that is to say, engines of correct size were installed 
and a soft water cooling system was put in to permit 
of using non-scale forming water in the cooling jackets 
of the engines with the result that a cylinder head has 
never been removed from these engines since they 
were put in seven years ago. 


The life of a Diesel engine is now usually estimated 
at 25 years and there are a number of engines that 
have been in service that long. Shop production of 
complete engines and spare parts which has been 
standardized to a very large extent has reduced the 
first cost of engines and has materially lowered main- 
tenanée expenses. The first cost of high grade engines 
of popular sizes varies from $50 to $60 per horsepower 
at the factories and all moving parts of a modern en- 
gine can be replaced for about 20 per cent of the first 
cost of the complete engine. 

Of a total of 1,155,755 hp. of engines built in this 
country up to 1926, only 20,000 hp. has been scrapped, 
which proves its inherent qualities and long life. Many 
efforts have been made to cheapen the engine by 
lowering the quality of workmanship and by adoption 
of inferior designs but in nearly all cases these prac- 
tices have resulted in failures. In commenting on this 
subject in 1911, Dr. Diesel said: 


“The Diesel engine motor must be constructed 
with extreme care and the best materials employed 
in order that it may properly fulfill all its capabilities. 
Only the best and most completely equipped works 
can build it. The Diesel engine is, therefore, not a 
cheap engine and I would add a warning that the 
attempt should never be made to try to build it cheap- 
ly by unfinished workmanship. These fundamental 
conditions are no less advantageous as has been fre- 
quently proved; on the contrary, they are precisely 
the reason of its strong position and form a guarantee 
of its worth.” 


Diesel engines may be classified under the follow- 
ing headings: Four stroke cycle; two stroke cycle; 
air injection; single acting; double acting; Junkers 
opposed piston type; and Camillard-Fullagar type. 


Fuel Injected Mechanically 


Dr. Diesel originally conceived an engine in which 
fuel injection would be accomplished by mechanical 
means, that is to say, by a pump delivering fuel 
through an atomizing device that would break up the 
oil and distribute it in a finely divided state in the 
highly compressed and heated air in the cylinder. After 
considerable experimental work he modified his engine 
and adopted the idea of atomizing the oil by means of 
air compressed to a higher pressure than the compres- 
sion pressure in the main working cylinder. A me- 
chanically operated fuel valve was used to time the 
injection and fuel oil was forced into the cylinder by 
means of air pressure. 
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This type of engine is still used extensively but 
the complication of a three stage air compressor work- 
ing at pressures of 700 Ib. to 900 Ib. per square inch 
and of the high pressure piping and air bottles, etc., 
has induced engineers to devote a great deal of atten- 
tion to simplification and improvement of the other- 
wise splendid Diesel engine. These considerations 
brought about development of the so-called solid in- 
jection engines in which fuel is injected by mechanical 
or hydraulic means and today the four cycle solid 
injection engine is gaining in popularity faster than 
any other type. 

The most prominent solid injection system built 
in this country bears the name of the late William T. 
Price, who for a number of years was chief engineer 
of the De La Vergne Machine Company, in whose 
shops the engine was developed. In reality, the engine 
is the outgrowth of many years of development work 
on engines of the Hornsby-Ackroyd type but Mr. Price 
and others are due a great deal of credit for their 
foresight and perseverence. The first of these engines 
was placed on the market in 1918. 


These early engines were designed for operation 
on compression pressures of 180 Ib. to 260 Ib., which 
did not produce sufficient heat due to compression 
alone to permit of cold starting so this had to be 
accomplished by means of electric current from a 
storage battery and a Nichrome-nickel heating coil 
in the form of an ordinary spark plug. Although fail- 
ing to meet the automatic ignition requirement, due 
to low compression pressure, the Price or De Ia 
Vergne engine came nearest to meeting Dr. Diesel’s 
specifications in regard to overall efficiency. 


When two curves are drawn, one representing 
thermal efficiency at various compression pressures 
and the other representing mechanical efficiency of an 
engine operating on these pressures, and as the over- 
all efficiency is a product of the two, it will be found 
that maximum overall efficiency is attained with com- 
pression pressure ranging between 240 Ib. to 360 Ib. 
240 lb. compression pressure does not provide suffici- 
ent heat to insure automatic ignition but the theo- 
retical temperature of air compressed to 360 Ib. is 
about 890 deg. F., which is considered a safe margin 
above the temperature required to ignite all commer- 
cial grades of fuel oil. The attainment of maximum 
efficiency by means of high compression seems to have 
been Dr. Deisel’s primary object with automatic igni- 
tion as a secondary consideration. 

After several years of further development work. 
compression pressures of 330 Ib. to 360 Ib. were 
adopted and most solid injection engines built today 
operate on that range of compression pressures with 
maximum working pressures ranging from 500 Ib. tuo 
550 lb. Compared with the air injection engine, the 
solid injection Diesel has a slightly lower thermal 
efficiency due principally to the fact that it takes in 
a larger percentage of excess air over the theoretical 
quantity required to burn the fuel but it has a higher 
mechanical efficiency because of absence of the air 
compressor that the air injection engine must drive 
and the fact that air injection engines are designed to 
operate on compression pressures ranging from 450 
Ib. to 500 Ib. which are necessary to develop tempera- 
tures high enough to offset the refrigerating effect of 
the injection air expanding from a higher pressure 
than that in the cylinder. The overall efficiency is 
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(Top row, left to right)—Still engine. De La Vergne solid injection system. Power cylinder of Nordberg Diesel engine, two 
cycle. (Bottom row, left to right)—Cammellaird-Fullagar engine. De La Vergne chain drive on VA and VB engines. 


De La Vergne lubricating oil systems. 


about the same in both types and because of simplicity 
and satisfactory performance of the solid injection 
engine, many builders are turning out engines of this 
type in sizes as large as 6,000 hp., in single acting, 
double acting and opposed piston designs. 

There is no general agreement among designers as 
to the relative merits of the various types of engines 
now being built. The air injection engine has its cham- 
pions and those who oppose this type concede that it 
is a satisfactory power unit. Those who favor the solid 
injection engine are usually familiar with the advan- 
tages and disadvantages of the air injection engine 
and insist that simplicity and the same overall econ- 
omy more than offset the small difference in thermal 
efficiency in favor of the air injection engine. Both 
types will operate satisfactorily and both sides con- 
cede that point. Likewise the four cycle and two cycle 
engine designers have their differences of opinion but 
here again, there are advantages in both types al- 
though it must be said that the world’s most promi- 
nent builders of marine Diesel engines, Burmeister & 
Wain of Denmark build four cycle engines exclusively 
and in their larger sizes such as the 6,750 hp. engines 
in the motorship “Gripsholm” and the two 10,000 hp. 
engines in the motorship “Alcontara” the double act- 
ing principle has been adopted. 


Two Cycle versus Four Cycle Engine 


The two cycle engine will develop more power 
than a four cycle engine of the same cylinder size 
but the problem of cooling the cylinder heads, cylin- 
der walls and pistons is not easily solved. The two 
cycle engine must burn nearly twice as much fuel in 
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a cylinder of a given diameter and the cylinder must 
be scavenged with air compressed to 2 lb. to 4 lb. per 
square inch by pump or compressor. 

In some two cycle engines scavenging air is ad- 
mitted to the cylinder through mechanically operated 
valves in the cylinder head while others have one, and 
in some cases, two rows of ports in the cylinder wall 
through which scavenging air is admitted. Efficient 
scavenging presents quite a problem and it has not 
been entirely solved although there are a number of 
very successful two cycle engines in service. As two 
cycle double acting principles permit development of 
the greatest horsepower in a cylinder, it is only logical 
that very large engines should be designed along these 
lines. The largest Diesel engines ever built are of this 
type. In 1917 the M.A.N. Company of Germany com- 
pleted and tested a 6 cylinder double acting two cycle 
engine rated at 12,000 hp. but which developed 17,150 
hp. on test. The cylinder dimensions were 34.45 in. x 
41.34 in. and the speed was 110 r.p.m. This engine was 
designed for use in battle cruisers but the surrender 
of the German fleet in 1918 put an end to these plans 
and a short time after the war, the Allied War Com- 
mission ordered the destruction of the engine on the 
ground that it was intended for military uses. 

The largest Diesel engine in existence is installed 
in a Central Electric Generating Station in Hamburg, 
Germany. The engine is rated at 15,000 hp. and has 
nine double acting cylinders that operate on the two 
cycle principle. The cylinder dimensions are 33.86 in. 
x 59.05 in. and the speed is 94 r.p.m. The overall di- 
mensions are: length 80 it., width 14 ft. 1 in., height 
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above shaft center 32 ft. 8 in. Blohm and Voss of 
Hamburg are the designers and builders. 

The two cycle principle presents possibilities of 
great reduction. in the weight and when combined 
with the double acting principle, still greater reduc- 
tions in weight are possible compared with engines 
of the four stroke cycle type. Some of the most promi- 
nent builders of four cycle engines have adopted the 
double acting principle in order to reduce weight and 
floor space requirements which are very important 
considerations in marine and submarine installations. 


Other comparatively recent modifications of the 
Diesel engine include the Junkers opposed piston and 
the Commellaird-Fullagar types. The Junkers opposed 
piston engine is now being built in England by Dox- 
ford and in this country by the Sun Shipbuilding Com- 
pany. This engine has two pistons and three cranks 
per cylinder. The pistons work in opposite directions, 
the upper piston being attached to a yoke which drives 
two cranks through connecting rods, one connected 
with each end of the yoke. The engine operates on the 
two cycle principle and exhaust and scavenging ports 
are located at opposite ends of the cylinder. When 
the pistons reach the end of the expansion stroke, one 
piston uncovers the exhaust ports and the other un- 
covers the scavenging ports, thus affording a com- 
paratively straight path for the travel of scavenging 
air. There are no cylinder heads on this engine and the 
only valves used are the fuel and air starting valves. 


Fuel is injected through two mechanically operated 
fuel valves located on opposite sides of the cylinder 
and at right angles to its axis. Being of the solid in- 
jection type, proper fuel distribution is not easily ac- 
complished but the designers have worked this out 
pretty well as evidenced by the fact that a large num- 
her of these engines of larger sizes have been in satis- 
factory operation for several years. Henry Ford has 
about a half dozen 2,500 hp. and 3,000 hp. engines of 
this same type in his private yacht. The Kerr interests 
have several of these engines in fast freight ships 
operating between our west coast ports and the 
Orient. Some of these ships travel about 17 miles per 
hour and are equipped with only one propelling engine 
of 6,000 hp. in four cylinders, indicating that the 
owners have complete confidence in the reliability of 
the Diesel engine. 

The Cammellaird-Fullagar engine is a modification 
of the Junkers or Doxford engine. Opposed pistons 
are used but the cross-heads of the upper pistons are 
connected through angular rods with the lower cross- 
heads of the other cylinders. The cross-head guides 
of the upper pistons are closed in and although of 
rectangular section, are fitted with pistons and suit- 
able packing devices for compressing scavenging air. 
This engine, like the Doxford, is of the solid injection 
type. 

Importance of the Diesel Engine 


The many types of Diesel engines now being built 
indicate the healthy condition of the Diesel engine 
industry as active and energetic rivalry among the 
various builders is resulting in the production of better 
and more reliable engines every year. Because of eco- 
nomic reasons, much more progress has been made in 
the development of large engines by European builders 
but American engines in sizes being built here are 
second to none in reliability of performance and in 
over all economy. 
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Light weight engines of relatively high speed are 
now being produced in this country for locomotives, 
shovels, tractors, drag line excavators, yachts, logging 
machines, etc. Engines as small as 714 hp. per cylin- 
der and running at speeds up to 900 r.p.m. are on the 
market. 

There is a German built Diesel engine motor truck 
in service in New York and a small cylinder high 
speed automotive type engine is being offered here 
for similar classes of service. The future of the Diesel 
locomotive seems very bright. Several locomotives of 
300 to 400 hp. are now used in switching service in 
New York and Chicago and larger locomotives are 
under construction. The transmission problems of the 
locomotive was at first thought to be a serious one 
but it seems to have been solved by the adoption of 
the electric system. 

What the future holds for the Diesel engine in- 
dustry of this country will, to a large extent, depend 
upon future economic developments. The high grade 
American engines have established themselves as thor- 
oughly dependable and economically operated power 
units. Improved methods of production, refinements 
of design and, to a large extent, simplification has 
made the Diesel engine a formidable competitor of 
all other types of prime movers. 


Endurance Is High 


It is an established fact that Diesel engines have 
a useful life equal to, if not greater than steam engines 
with the added advantage that the obsolescence factor 
due to “improvements in the art” is of very little con- 
sequence as the Diesel engine is not likely to be sup- 
planted by a more efficient engine, not even a more 
efficient Diesel engine. “Obsolescence due to inade- 
quacy” is minimized by the fact that a 100-hp. Diesel 
is about as efficient from the thermal point of view 
as an engine 10 times that size, so regardless of the 
necessity for expansions of plant capacity, the small 
units can usually be operated to advantage. The fuel 
consumption curve being practically flat from one-half 
load to full load makes the engine unusually attractive 
in plants where the load fluctuates widely. 

Improvements in design and metallurgy of import- 
ant working parts are usually applicable to existing 
engines, as witness the fact that one builder developed 
a solid injection system and applied it to over 325 ex- 
isting air injection engines. Even Hornsby-Ackroyd 
engines built over 20 years ago have been modernized 
by the application of cylinders designed for higher 
compression pressure and operating on the solid in- 
jection system. 

Designs of the major American Diesel engine 
builders generally have been developed to the point 
where engines built at the present time may conh- 
dently be expected to give a good account of them- 
selves over a long period of years and under the most 
exacting conditions of operation. Having worked out 
successful designs as proven by performance of en- 
gines in service, American builders are devoting 4 
great deal of attention to refinements, simplification and 
close limits of workmanship. The pistons, cylinder 
heads and cylinder liners of some engines are made ot 
a high grade of gray iron melted in electric furnaces 
in which impurities of the iron can be controlled within 
very narrow limits. These parts are then carefully an- 
nealed to remove casting stresses. 
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Description of Goggle Valve 


A new type of goggle valve has recently been de- 
veloped and placed on the market by Edgar E. 
Brosius, Inc., Sharpsburg, Pa. This is a_ self-con- 
tained, hand-operated valve, mechanically stronger 
than the line in which it is mounted, so that it may be 
placed anywhere in the line regardless of support. 


It is an electric-welded unit and is delivered to 
the purchaser ready to bolt into the gas line, no extra 
provision or additional cost of any kind being neces- 
sary. 

Angle flanges are provided and drilled to suit the 
purchaser's flanges, or vice versa. The valve is fast 
in operation and can be motor-driven if desired. The 
sealing pressure is obtained by the wedging or cam 
action between a circular pipe, a round rod, and a 
square section valve seat. This is accomplished by 
opposed bronze nuts and stainless steel screws, driven 
by a hand wheel and worm gears. Expanding the 
p-pe opens the valve and contracting the pipe closes 
the valve. 

Due to the flexible cam action of the pipe between 
the round rod and square valve seat a uniform pres- 
sure throughout the circumference of this seat is 
obtained. 

Due to using a flexing plate for the moving seat 
it is possible to open this valve through 1 in. for the 
purpose of removing the goggle plate should it become 
buckled in any manner. 

In addition to the heavy sealing pressure for clos- 
ing the valve tight there is also supplied an oil seal 
which consists in forcing a high temperature resist- 
ing oil around an annular groove in each sealing ring, 
this oil closing any slight leak which may develop due 
to abrasion of the valve seat or inequality in the thick- 
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ness of the goggle plate. This oil also preserves the 
surface of the goggle plate, preventing pitting from 
corrosion and rust. 

The goggle plate itself is swung in the conventional 
manner by means of a rope around the outside edge 
of the plate and hand-power worm-driven drtim. All 
three worm drives are enclosed in grease-tight cases 
and the worm gears are machine cut. 


New Line of Herringbone Speed Reducers 


Palmer-Bee Company, Detroit, has just placed on 
the market an entirely new line of herringbone speed 
reducers. This series has been added in order to meet 
the ever-increasing demand for still stronger, more 
modern and efficient enclosed gear reduction units. 


Anti-friction bearings are used throughout; ball 
bearings on the high speed, Hyatts on the intermediate 
and Timkens on the slow speed shaft. Gears are con- 
tinuous-tooth herringbone, with silent Kysor tooth 
form, producing more rolling and less sliding action 
than heretofore has been obtainable. The slow speed 
gears in the double and triple series are divided in 
the center, permitting a more symmetrical arrange- 
ment of the gearing and a uniform load on each 
bearing. ; 

Following the universal practice of the automotive 
industry in using the three-point method of mounting 
motors in chassis, the Palmer-Bee Company has 
adopted this method in bolting the reducer to the 
sub-base. Alignment of the various elements of the 
drive are thus facilitated. 

No outboard bearings are required for overhung 
loads up to the maximum rated capacity of the re- 
ducer. This feature is one of no little importance when 


the additional expense and inconvenience of includ- 
ing them in certain drive layouts is considered. 

The efficiency of the single series reducers is ap- 
proximately 99 per cent, and of the double series 
about 97 per cent. An illustrated folder describing 
the salient features can be obtained for the asking 
from the manufacturers. 
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James Combination Automatic Backstop 
and Flexible Coupling 


The James automatic backstop is designed for use 
on elevators, conveyors and process equipment drives 
where there is a likelihood of reversal of travel when 
equipment is standing idle or when the motor has 
been shut off after a day’s run, or in case of motor 
failure. 

This unit consists simply of a drum shaped hous- 
ing, on the back of which is integrally made one-half 
of a flexible coupling, which contains free flexing, live 
rubber bumpers, and in which are cemented bound 
brook oilless bushings. A one-half coupling fitted with 
hardened and ground steel pins which float inside of 


the graphite impregnated bronze bushings, a ratchet 
plate, 3 pawls with studs, springs and fastening bolts 
and a two-piece cover plate complete the unit. 


There are no friction surfaces or wearing parts, and 
unlike other devices intended for the same work, the 
James automatic backstop does not wear out and be- 
come inactive after a few months of hard service. Be- 
cause of the unique construction, this unit will wear 
indefinitely, and require no care, attention or main- 
tenance. 


The backstop is applied on the drive shaft between 
a speed reducer and motor. A flange, attached to the 
speed reducer housing, is cast integral with a ratchet. 
This ratchet operates within the drum housing which 
in turn is connected to the motor shaft through a 
flexible rubber bumper type coupling. On the inner 
face of the housing 3 pawls are secured by the medium 
of studs which engage with the ratchet the moment 
the housing stops revolving. 


One flange of the flexible coupling is cast integral 
with the drum housing, thus lending compactness and 
strength. 

Centrifugal force keeps the pawls out of engage- 
ment with the ratchet during operation, but should 
anything happen to the shaft or motor, or should the 
motor be purposely shut off so as to halt the driven 
unit, the pawls, as can be easily seen, engage with 
the ratchet through gravity, and provide a complete 
brake against reversal of travel of the elevator or 
driven machine. 


Large capacity bucket elevators and conveyors, as 
used in grain elevators, mills, crushed stone, sand and 
gravel, cement, brick and clay plants, and in numerous 
other industries for materials handling, can be easily 
held in position without fear of their backing up by 
using a James automatic backstop. 

This unit finds an ideal application as a brake 
against heavy loads on all driven machinery where 
there is always great danger from loads running back- 
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wards and causing damage. A _ recent break-down 
brought to our attention resulted from a 42-in. wide 
bucket elevator, 106 ft. high, handling crushed stone, 
which because of overload, ran backwards and com- 
pletely destroyed the entire elevator. 


If you have in mind applications or uses for this 
equipment other than those mentioned, and where re- 
versing loads or recoil shocks would cause damage, 
this unit may be adapted to your particular conditions. 


Reach the Wide Places with Flexible Rail 


Wide places may be easily cleaned up with a single 
track if the Clarkson flexible rail, manufactured by the 
Illinois Power Shovel Company, Nashville, III, is used. 
This device was originally designed to enable a track- 
mounted machine to clean up a wide room. 


The “rail” is composed of small cast-steel sections 
with stop ears attached, which rest in chairs mounted 
on cross ties. Upon moving the track the inside sec- 
tions contract and the outside lets out, forming a unt 
form curve. 


Belt Conveyor Idler 


The Chicago Automatic Conveyor Company }s 
announcing a new belt conveyor idler. It has all of 
the latest improvements and should give life time 
service under ordinary conditions. 


The following are some of the improvements which 
go to make it one of the best idlers on the market; 
the pulleys are spaced 4 in. apart to avoid belt creas- 
ing. Heavy steel tubing is used for the pulleys. They 
have steel heads which are electrically-welded flush 
with ends, which eliminate dust pockets. 

After careful consideration it was decided to use 
ball bearings instead of roller bearings as they were 
found to be much more efficient. Another point in 
favor of ball bearings is that they do not have to be 
adjusted. 

A unit mounting is used for the bearings to keep 
them in perfect alignment. The mounting also serves 
as a grease reservoir. Because of the large reservoir 


the idlers will run from three to six months without 
attention. The bearings are positively protected trom 
dust and grit by a quadruple labyrinth grease seal. 
This seal also prevents the grease from being thrown 
on the belt. 

Heavy cast iron brackets are used. They are accu 
rately machined to avoid cramping the shaft, and cam 
be mounted on either wood or channel base. 


There are only three places to lubricate each idler. 
These are fitted with alemite fittings or other types 
of high pressure fittings to suit plant standards. 

This idler is being manufactured on a productio? 
basis resulting in surprisingly low prices being quoted. 
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{TRADE PUBLICATIONS 


The D. O. James Manufacturing Company, 1120 
West Monroe Street, Chicago, have just completed 
and published their Speed Reducer Catalog No. 166 
which describes, illustrates and lists completely every 
type of speed reducer made—planetary spur (direct. 
angle and vertical drives); heavy duty worm (direct 
and angle drives); medium duty worm (direct and 
angle drives), and herringbone (direct and angle 
drives). 

This book should be of extreme value to all engi- 
neers interested in speed reducers in that it is the 
only complete work on this subject; further, it is 
written and compiled in a simple, concise, well illus- 
trated form which makes for easy reference. 

A copy of this 160-page catalog may be obtained 
by writing to the D. O. James Manufacturing Com- 
pany. 

* * * 

Blaw-Knox standard buildings of copper bearing 
galvanized steel “serving all industries” furnishes the 
subject matter of an attractively illustrated pamphlet 
of 38 pages issued by the Blaw-Knox Company, of 
Pittsburgh, Pa. Standard types are shown in dimen- 
sioned sketches and many installations are depicted 
in the illustrations. 

* * 

“Sangamo Meters,” Bulletin 74, illustrated, issued 
hy the Sangamo Electric Company, of Springfield, 
will make clear to you the construction and operation 
of the watt hour meter and contains diagrams and 
tables as well as price lists. Bulletin 69, illustrated, 
explains the use and operation of Sangamo distant 
dials. Bulletin 73, also illustrated, devotes 31 pages 
to switchboard meters both a.c. and d.c. 


Flexo Supply Company, of St. Louis, feature 
“Flexo” joints on presses and other installations where 
flexible connections with piping systems are required. 
in a folder illustrating many installations using the 
joints. 

* * * 

“Longitudinal Drum Water Tube Boilers,” is the 
title of a catalog issued by the Union Iron Works, of 
Erie, Pa. The book is very well illustrated showing 
pictorially the construction details described as well 
as views of completed installations of the Union water 
tube boilers. 

* * * 

Erie City Iron Works, Erie, Pa., are distributing 
two booklets, one describing the Erie City economic 
boiler, semi-portable, and the other, return tubular 
boilers. Both pamphlets are fully illustrated and show 
typical installations including specification data and 


performance tests. 
* * * 


Bulletin No. 2003, “Penn-Lehigh Crushers,” and 
No. 2004, “Pennsteel Crushers,” are being distributed 
by the Pennsylvania Crusher Company, Liberty Trust 
Building, Philadelphia, Pa. Full description and di- 
mensions are given and the main points of practical 


advantage set forth. 
*  * 


“Farrel-Sykes Roller Bearing Type Speed Reducers 
from 1 hp. to 5000 hp..” is the title of an illustrated 
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booklet of 24 pages recently distributed by the Farrel- 
Birmingham Company, Inc., of Buffalo, N. Y. The 
pamphlet includes gear data and various tables and 
describes a piercing mill drive of 300 to 10,000 hp. and 
the Sykes gear generators. 

* * # 

“Silent Gears,” a 32-page illustrated booklet from 
the General Electric Company, Schenectady gives 
much information and specification data regarding 
“fabroil” and “textolite” gear material and noiseless 
gears. 

* * & 

The Steubing Cowan Company, of Cincinnati in 
collaboration with their railroad representatives, 
Leeds, Tozzer & Company, Inc., 75 West Street, New 
York, have just issued an interesting pamphlet en- 
titled “Straight Line Trucking.” which describes the 
use of the lift truck platform system by railroads and 
other common carriers. The book consists of 16 pages 
and shows numerous reproductions of photographs 
illustrating the handling of materials in the stores 
department and machine shops and the handling of 
freight at railroad and steamship terminals. A copy 
of this pamphlet will be mailed free to anyone upon 
request. 

* * * 

“A Handbook of Small Belt Drives,” issued by 
the L. H. Gilmer Company, Tacony, Philadelphia, Pa., 
discusses the use of belts of rubber and cord fabric 
for power transmission, with special reference to the 
application of V-belts to short center and high speed 
drives. Engineering data are given for use in design- 
ing V-belt drives and numerous illustrations show 
Gilmer belts on a wide variety of machines. The man- 
ner in which Gilmer belts are built up with the cords 
along the neutral axis of the belt, where internal fric- 
tion is at a minimum, is shown by a cross section of the 
belt which forms a feature of the striking cover de- 
sign. The book will be sent to executives who request 
it from the L. H. Gilmer Company. 

* * * 

The American Manganese Steel Company calls at- 
tention to an error on page 1345 of the October issue 
which included description of booklets on Pyrasteel 
and Evansteel. The products of the company men- 
tioned are the Amsco manganese steel castings, Fahr- . 
alloy heat resisting and corrosion resisting castings 
and special alloy steels. 

Pyrasteel and Evansteel are products of the Chi- 
cago Steel Foundry Company whose booklets describ- 
ing these alloys were wrongly included in the para- 
graph. 


Book Review 


Impurities in Metals. Colin J. Smittrells. 157 pp. 
John Wiley & Sons, New York. Price $5.00. 

Covers recent investigations into the effect of 
small quantities of foreign substances upon the prop- 
erties of metals and alloys, and is contemplated with 
reference not only to theoretical considerations but to 
applications in the problems of manufacture. Methods 
for studying metals are described including X-ray anal- 
ysis. Influences of such minor constituents are traced 
as affecting structure, mechanical properties, electrical 
properties and corrosion. The author is a member of 
me research staff of the General Electric Company, 

td. 
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The American Sheet & Tin Plate Company have 
contracted with The Rust Engineering Company for 
the construction of a Kathner type sheet normalizing 
furnace to ke built at their Vandergrift works. This 
furnace is to be 155 ft. long and 84+ in wide, natural 
gas fired and of 120 tons per day capacity. Removable 
cast iron and steel bungs will be used throughout the 
length of the furnace to provide easy access to the 
alloy rolls and shafts. Delivery of this furnace will 
be made in five weeks. 

* «x 

A new Prest-O-Lite gas plant located at 3155 
Twenty-seventh Avenue N., Birmingham, Ala., com- 
menced operations October 16, 1928. This plant will 
supply the local demand for dissolved acetylene used 
in oxy-acetylene welding and cutting. With this addi- 
tion, the Prest-O-Lite chain now numbers 34 acetylene 
producing plants situated in industrial centers through- 
out the country. 

Mr. A. J. Topham is plant superintendent and Mr. 
G. A. Andrews, whose headquarters are at the same 
plant, is district superintendent. 

x ok * 


Recent orders taken by the Sutton Engineering 
Company include two 60 in. high grade sheet levellers 
for the Fisher Body Corporation, one non-ferrous rod 
straightener for the American Mond Nickel Company, 
five welded tube straighteners for the Steel and Tubes, 
Inc., subsidiary of the Republic Iron & Steel Com- 
pany; one large seamless tube straightener for the 
Pittsburgh Steel Products Company, one angle 
straightener for the Steel Company of Canada through 
Mackintosh-Hemphill Company, and one buttweld 
pipe straightener for the Spang, Chalfant & Company, 


Inc. 
* kk 


The New York sales office and display room of 
The C. F. Pease Company, Chicago, formerly located 
in the Grand Central Terminal, New York City, has 
been moved to new quarters occupying the entire 
seventh floor, Ashforth Building, at 12 East Forty- 
fourth Street, New York City. Because of the in- 
creased floor space in this new location, this office, 
under the direction of Mr. T. XK. Murney, eastern sales 
manager, has improved facilities for stock and display 
of a complete line of “Iverything for Blue-Printing” 
and drafting room furniture. Also an increase in sales 
personnel has made it possible to more efficiently 
serve the entire castern coast trade in connection with 
requirements for blue-printing machinery, blue-print 
paper. and drafting room furniture. 

x kk 


The National Flue Cleaner Company, Inc., of 
Groveville, N. J.. manufacturers of the National soot 
Mower for return tubular boilers, announces the ap- 
pointments of three new Ohio sales representatives, 
namely Craun-Liebing Company, of Cleveland; Den- 
nis Engineering Company, of Columbus, and the 
Bishop Engineering Company, of Cincinnati. 

_ Other recent appointments are the Power Plant 
Etheiency Company, of Indianapolis, Ind., and the 
Rathburn Company, of El Paso, Texas. 
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Petty & Wherry, Inc., 50 Church Street, New York 
City, have just been appointed metropolitan distribu- 
tors for the Buckwall Engineering Company, of Brook- 
lyn, N. Y., manufacturers of the well known S8uck- 
wall sprocket wheel. 

* ok * 

A new acetylene plant at East Avenue and Short 
Street, South Charleston, W. Va., bringing the total 
number of Prest-O-Lite plants throughout the country 
up to 35, started producing on October 29. Dissolved 
acetylene for welding and cutting will be supplied to 
local industry from this point. 

Mr. J. J. Robinson is in charge of the plant and 
Mr. S. P. Murphy, whose headquarters are at Cin- 
cinnati, is district superintendent. 

* * * 


The steady increase in the demand for the products 
of The Timken Roller Bearing Company has neces- 
sitated a radical expansion in its production facilities. 
The complete program that has been put into effect 
will provide the necessary equipment for raising the 
company’s present output of 175,000 bearings per day 
to over 200,000 per day. The program has necessitated 
the expenditure of about $6,000,000 during the cur- 
rent year and covers additions to both the steel mill 
and bearing factory. 

Steel producing facilities now in operation have in- 
creased the capacity of the plant to 30,000 tons per 
month of high grade open hearth and electric alloy 
steels. They include additions to the mill at Canton 
and the purchase of the plant and equipment of the 
Weldless Tube Company, of Wooster, Ohio. 

Work has been started on various extensions to 
the bearing factory for the machine equipment needed 
to take care of the increase in the production schedule. 


Open Hearth Problems Discussed 


A comprehensive program of subjects bearing 
upon open-hearth furnace design, operation and main- 
tenance was discussed at the two-day session of a 
branch of the American Institute of Mining and Metal- 
lurgical Engineers held in the William Penn Hotel, 
Pittsburgh, on November 15 and 16. The sessions. 
which were attended by about 75 open-hearth furnace 
superintendents, engineers and metallurgists, were 
presided over by. L. F. Reinartz, of the Youngstown 
Sheet & Tube Company. 

At the morning session on November 15, furnace 
construction was the main topic discussed. Under 
this heading were the following subheads: 


1—Water cooling of furnaces. 

2—Charging equipment. 

3—Methods of accounting for costs of furnace 
repairs. 

4—Organization. 

5—Advantage of Loftus checker brick. 

6—Description of Steven’s furnace. 

7—Progress report on open-hearth ports. 

8—Progress report on burners and atomizers. 

9—Progress report on furnace insulation. 

Quality control received consideration at the 
afternoon session, and at the morning session on 
November 16, furnace operation proved an interesting 
feature. The meeting was terminated by a visit te 
the Edgar Thomson Works of the Carnegie Stee! 
Company. 
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The two triple fired continuous furnaces built by 
The Rust Engineering Company for the Timken 
Roller Bearing Company, at Canton, Ohio, have re- 
cently been put into operation and have been deliver- 
ing steel to their new mill for the past month. It is 
of interest to note that these furnaces, employing an 
entirely new firing principle, have been giving results 
which have exceeded the expectations of all concerned. 
Each of the two furnaces were designed to heat 40 
tons of blooms per hour, blooms being 18 ft. long x 10 
in. x 10 in. It appears that each furnace will easily 
heat 50 tons when the new mill has been limbered up. 

One of the features used on these furnaces is an 
independently fired soaking chamber, through which 
the blooms pass just before being discharged. This 
soaking chamber is separately controlled from the rest 
of the furnace although built as part of it, and is main- 
tained at a constant uniform temperature. The two 
other sets of burners immediately behind the soaking 
chamber, fire above and beneath the blooms and it 1s 
these burners which determine the tonnage output of 
the furnace, the soaking chamber being used as the 
name implies, to soak the blooms thoroughly and 
equalize their temperature throughout. 

x ok ok 


The Youngstown Sheet & Tube Company has just 
recently placed a $250,000 order for electrical equip- 
ment for a 44-in. electrically driven reversing bloom- 
ing mill with the Westinghouse Electric & Mfg. Com- 
pany. 

This new equipment, which is to replace an exist- 
ing steam engine drive that has been in operation for 
14 years, will be installed in the Campbell works in 
about five months. 

The mill will be driven by a Z000-hp. single unit 
d.c. reversing motor operated at 50-120 rpm. Power 
for the motor will be supplied by a flywheel motor 
generator set consisting of two 3000-kw., 700-volt gen- 
erators operating at 360 rpm., one 5000-hp., 6600-volt. 
three-phase, 60-cycle a.c. motor, and a 140,000-Ib. steel 
plate flywheel. 

The equipment will be under the control of an 
operator located in the mill pulpit. A feature of the 
control is a foot operated master switch, which com- 
pletely controls the reversing motor and allows the 
operator to take care of some of the auxiliary opera- 
tions with his hands. It is expected that substantial 
savings in operating costs will be realized with this 
equipment over the present steam engine driven mill. 

* kx 

A project of unusual interest to industrial and pub- 
lic service companies has been announced by the Philip 
Carey Manufacturing Company, Cincinnati, Ohio, 
manufacturers of asbestos and magnesia high pressure 
steam pipe insulation, etc. This company is to con- 
struct at the Lockland, Ohio, works a boiler and power 
plant designed for 1800 Ibs. steam pressure. This will 
he the highest steam pressure ever used in America, 
and the plant will be the largest high pressure steam 
plant in the world. W. EF. S. Dyer, consulting engi- 
neer, Philadelphia, Pa., will design and have charge 
of the construction of the new work. 
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The high pressure steam generating equipment will 
be furnished by Combustion Engineering Corporation, 
of New York, and will operate at 1800 Ibs. pressure. 
Integral economizers, water-cooled furnace walls, air 
preheaters, superheaters and pulverized fuel equip- 
ment will comprise these units. 

The main generating units will consist of two 5000 
hp. vertical triple expansion, direct connected engines. 
operating with 1400 Ibs. pressure at the throttle. at a 
temperature of 800 deg. F. and exhausting against 
60-Ib. back pressure above the atmosphere. To each 
engine will be direct connected a 3-phase alternator. 

All the equipment for this plant will be placed with 
American manufacturers, except the main engines 
which will be furnished by A. Borsig, of Berlin, Ger- 
many. 

The operating cycle of this plant will make it one 
of the most efficient steam plants in the world. 


Dec. 3-8—National Exposition of Power and Me- 
chanical Engineering, Grand Central Palace, New 
York City. Fred W. Payne, manager, Grand Central 


Palace, New York. 
* * * 


Dec. 3-8—Annual meeting, American Society of 
Mechanical Engineers, Engineering Society Building, 
New York City. Calvin Rice, secretary, 20 W. Thirty- 
ninth Street, New York. 

* * * 


Dee. 12-14—Fourth Annual Conference on Weld- 
ing at Purdue University. Address Engineering Ix- 
tension Department, Purdue University, Lafayette. 


Ind. 
a ee 


Jan. 14-18—Western Metal Congress, auspices 
American Society for Steel Treating at Los Angeles. 
W. Hf. Eisenman, secretary, 7016 Euclid Avenue, 
Cleveland, Ohio. 

* * x 

Jan. 14-18—Western States Metal and Machinery 
Exposition, auspices A.S.S.T. at Los Angeles. W. HI. 
Fisenman, secretary, 7016 Euclid Avenue, Cleveland, 
Ohio. 


New Home for Gears and Forgings 


The recent consolidation of three prominent gear 
manufacturers and a large forge company that was 
announced sometime ago in these pages has exceeded 
all expectations in its successful operation. 

Headquarters for the executive offices, sales, engi- 
neering, and planning departments have been estab- 
lished at the Cleveland division. In order to function 
with the utmost facility and efficiency, a complete 
modern administration building has been erected. 
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S. P. Kinney, metallurgist of the Bureau of Mines 
has resigned to become associated with H. A. Bras- 
sert & Company, consulting engineers of Chicago. Mr. 
Kinney was graduated as a bachelor of science in 
chemical engineering from the University of Utaf in 
1915. In 1916 he was occu- 
pied in the operation of min- 
ing properties in Utah and 
Nevada. In 1917 he entered 
the army. He was assigned 
to the Chemical Warfare 
Division and later commis- 
sioned second lieutenant. 
He worked in the labora- 
tories of the War Depart- 
ment throughout the war 
and in 1919 became asso- 
ciated with the Bureau of 
Mines. He is best known as 
a leading participant in the 
investigations of the Bureau 
with regard to the iron blast 
furnace which have occupied 
him for the past five years. These investigations have 
resulted in a quantitative estimation of many phenom- 
ena within the furnace and in a greatly improved 
understanding of practical conditions of iron manu- 
facture. In 1926 Mr. Kinney received the J. E. John- 
son, Jr., award for blast furnace research from the 
American Institute of Mining and Metallurgical En- 
gineers. 


* * * 


James R. Stuart has recently resigned as superin- 
tendent of the open-hearth furnace department of the 
Colorado Fuel & Iron Company, Pueblo, Colo. 

* * x 

Mr. John A. Marr, for 10 years superintendent of 
the Nugent Steel Casting Company, Chicago, has 
been appointed works manager of the Chicago Steel 
Ioundry Company. 

* * * 

Mr. R. J. McIntosh has been appointed manager 
stcel piling department, in charge of engineering and 
sales, with offices at Bethlehem, Pa. 
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Walter F. Munnikhuysen has been appointed dis- 
trict engineer of The Koppers Construction Company, 
with offices at 823 Peoples Gas Building, Chicago, IIl. 

et Ter ae 

Succeeding his father, the late Frederick S. Black- 
all, well known manufacturer and engineer, Frederick 
S. Blackall, Jr., was appointed general manager of 
The Taft-Peirce Manufacturing Company, Woon- 
socket, R. I., at a recent meeting of the board of 
directors. In addition to filling the position of gen- 
eral manager, Mr. Blackall, Jr., is also assistant secre- 
tary of the company, and a member of the board. 

The conipany manufactures tools and special ma- 
chinery on contract basis, and also manufactures and 
sells a line of small tools and machinery, including 
gages, production and inspection tools and thread 
milling machines. 

a ee 

John W. Hacker formerly superintendent of the 
coke plant of the Central Alloy Steel Corporation, 
Massillon, Ohio, has joined the Dyer Enginers, Inc., 
Cleveland. He is succeeded by John M. Komp. 

* * * 

Frank N. Speller, director of the department of 
metallurgy and research for the National Tube Com- 
pany was elected chairman of the metallurgical ad- 
visory board, Carnegie Institute and U. S. Bureau of 
Mines, Pittsburgh, for a term of three. years. 

* * * 

Ralph Kent has been named superintendent of the 
Rosedale coke works of the Cambria plant, Bethle- 
hem Steel Company, succeeding E. R. Merrill, re- 
sgned. Mr. Kent has been associated with the Cam- 
bria plant for 24 years, first in the laboratory and later 
with the by-product unit of the coke works. Several 
years ago he was made superintendent of the Franklin 
anit. Jerry Wilbur, formerly general foreman at the 
Rosedale works, has been promoted to the position of 
superintendent of the Franklin works, filling the va- 
cancy made by the promotion of Mr. Kent. 

a a. 

James W. Armour has been made vice president 0! 
the Riley Stoker Corporation. Mr. Armour still retains 
his title of engineering manager. 
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Fred C. T. Daniels, formerly division superin- 
tendent of open-hearth plant No. 1 steel and _ roll 
foundries, at the Bethlehem, Pa., plant of the Bethle- 
hem Steel Corporation, has been made vice president 
in charge of operations of the Garrison and Midland 
plants of the Mackintosh-Hemphill Company, Pitts- 
burgh. In accepting this position, Mr. Daniels returns 
to his first field of endeavor where he entered the em- 
ploy of Mackintosh-Hemphill upon his graduation 
from Polytechnic Institute in 1904. In 1911 Mr. 
Daniels became connected with the Pittsburgh Iron & 
Steel Foundries Company, Midland, Pa., as assistant 
superintendent and metallurgist, being especially in- 
terested in the development and pioneering of alloy 
products for the rolling mill industry. From 1914 to 
1923 he was employed by the Wheeling Mold & Foun- 
dry Company, being intimately connected with the 
sale, manufacture and use of iron, steel and alloy rolls. 
From 1923 to 1928 he was affiliated with the Bethle- 
hem Steel Corporation. 

t Bo 

Herbert C. Hale, special representative in Cleve- 
land for the Elliott Company, Pittsburgh, has been 
transferred to Baltimore to handle all the company’s 
government business exclusively. Mr. Hale is a gradu- 
ate of the Case School of Applied Science and has been 
in Cleveland for the past 20 years. 

ee 

Ralph Modjeski of the New York engineering firm 
of Modjeski, Masters & Chase, will act as consulting 
engineer in the construction of the Lorain-Centra] 
bridge to be built at Cleveland. 

* * * 

W. I. O'Connell, who has been a sales representa- 
tive in Detroit for the Empire Steel Corporation, Mans- 
field, Ohio, resigned November 1 to become sales 
representative in Detroit for the Hines Steel Pro- 
ducts Company. 

He ak 

Strickland Kneass, Jr., for three and a half years 
general manager and chief engineer of the Costello 
Engineering Company, Pittsburgh, has been made 
chief engineer for the A. M. Beyers Company, of Pitts- 
burgh. Mr. Kneass had formerly been connected with 


oiatizes'y GOogle 


the Duquesne Works of the Carnegie Steel Company 
and later with the Youngstown Sheet & Tube Com- 
pany, at Youngstown. 

* Ox a 

W. N. McCutcheon formerly with the Linde Air 
Products Company, New York City has been made 
general manager and chief engineer of the Costello 
Engineering Company, furnace designers and builders. 
Mr. McCutcheon had been connected with the Carbo- 
Hydrogen Company of America, in Pittsburgh, up to 
1923 when he joined the Costello Company. 

* * * 

P. N. Guthrie, Jr., has been appointed vice presi- 
dent of the Reading Iron Company, which at the same 
time gave notice that the general sales offices of the 
company will be transferred from Reading, Pa., to 30 
Church Street, New York City. Mr. Guthrie will have 
charge of sales and H. F. Mattern will continue as 
general sales manager. Mr. Guthrie was formerly con- 
nected with Park Brothers & Company, Black Dia- 
mond Steel Works, and later with the Philadelphia 
Company, of Pittsburgh. 


Cleaning Up “Dirty” Steel 


The results of certain phases of a general study 
of the physical chemistry of steel making, dealing 
specifically with the elimination of undesirable inclu- 
sions which are often responsible for the failure of 
steel are embodied in two bulletins just published by 
the Carnegie Institute of Technology, in co-operation 
with the United States Bureau of Mines, Department 
of Commerce, and the Mining and Metallurgical Ad- 
visory Board. Bulletin 36, by C. H. Herty, Jr., phys- 
ical chemist of the Bureau of Mines, and G. R. Fit- 
terer, research fellow, Carnegie Institute of Tech- 
nology and junior metallurgist of the Bureau of Mines, 
deals with “Deoxidation with Silicon and the Forma- 
tion of Ferrous-Silicate Inclusions in Steel.” Bulletin 
37, by Messrs. Herty and Fitterer, and J. F. Eckel, re- 
search fellow, Carnegie Institute of Technology, is 
a “Study of the Dickenson Method for the Determina- 
tion of Non-metallic Inclusions in Steel.” 
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THE STEEL PLANT ROLL TURNER ano DESIGNER 


F. L. Thomas 


In 1895, Mr. F. L. Thomas started to learn the 
trade of roll turner at the Joliet Works of The Illinois 
Steel Company. Here he was a roll turner, tool maker, 
template maker, and was in charge of the shop in 1902 
when he resigned to accept a position of superinten- 
dent of roll turning at the Crucible Steel Company 
plant at Clairton, Pa. He resigned at the Crucible 
Steel Company, going to the Republic Iron & Steel 
Company at Moline, Ill., and later to the Tennessee 
Coal and Iron Company at Ensley, Ala. In July, 1904, 
he joined the organization of the Lackawanna Steel 
Company at Buffalo, N. Y., serving this company as 
roll turner, foreman of roll shop, and roll designer for 
all merchant mills for 16 years. He became associated 
with Donner Steel Company of Buffalo, N. Y., as 
superintendent of the roll shop in January, 1920. 


G. H. Ackroyd 


George H. Ackroyd, formerly superintendent of 
the Bethlehem Steel Corporation, Bethlehem, Pa., has 
been appointed superintendent of the steel foundry, 
iron roll foundry and machine shop at the Bethlehem 
plant. 


Figuring Efficiency of Steel Mills 
By Fred C. Smith 
(Continued from last month) 


Suppose that, instead of one size bar, two different 
sizes of the product are rolled in the same day. The 
following data are available: 

Example II— 

Collar diameter of finishing roll, 123 in. 


Google 


5-in. rounds, 914,015 Ib. in 1008 min. 
%-in. rounds, 103,261 lb. in 423 min. 


Total... 1,017,276 Ib. in 1440 min. 
Speed of finishing roll, 372.9 r.p.m. 
Computing the theoretical productions as in ex- 
ample I, we find that under perfect conditions there 
should be produced: 
1,224,495 ft. of 5¢-in. rounds 
192,010 ft. of 36-in. rounds 
To find the coefficient of efficiency of the mill, we 
add the theoretical production figures and divide the 
sum by the total production of both sizes: 
1,017,276 ~ 1,416,505 = 71.8 per cent 
Measured in terms of feet delivered, instead of 
weight, the theoretical production is: 
1,173,917 ft. of 5¢-in. rounds 
510,667 ft. of 3¢-in. rounds 


Total 1,684,584 ft. 

The length actually produced, found by dividing 
the production of each size in pounds by the weight 
of the respective product per foot, is 

876,333 ft. of ¥-in. rounds 
274,630 ft. of 34-in. rounds 


Total 1,150,963 ft. 
And the coefficient of efficiency is: 
E = 1,150,963 ~ 1,684,684 = 68.3 per cent 
Here is a difference of 3.5 per cent between the co- 
efficient of efficiency calculated on the basis of weight 
and that calculated on the basis of feet delivered. Ob- 
viously one or both are in error. Obviously, also, the 
error arises from the fact that the figures are averages 
of two separate coefficients. The coefficients are rates, and 
the arithmetic average of rates is not mathematically a 
true average. This may be seen from a simple illustration. 
A man drives an automobile one mile at the rate 
of 20 miles an hour and one mile at the rate of 30 
miles an hour. What is his average speed? It is not 
20 + 30 + 2, or 25 miles an hour. Speed is expressed 
as distance per unit of time. The first mile, at 20 miles 
an hour, took 3 min. to traverse. The second mile took 
2 min. The man traveled 2 miles in 5 min. The average 
speed is therefore 


? 
: x 60 = 24 miles an hour 


This result may be more directly obtained by the 
use of a mathematical device, the harmonic mean. The 
harmonic mean is the reciprocal of the average of the 
reciprocals of the items. Applying this method to the 
problem of the average speed we have: 


1 1 
20 * 30 50-120 
— = 1 = — = 24 aii. per be. 
2 1200 5 


(To be continued) 
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Film Story of Brick-Making 


Announcement is made by the U. S. Bureau of 
Mines, Department of Commerce, that a complete film 
story showing the various processes of manufacture 
of fire-clay refractories has been produced. The title 
of the film is “The Story of Fire-Clay Refractories,” 
and shows the complete process of manufacture, from 
the mining of the clay to the sale 
of the finished product, at the 
plant of the Laclede-Christy Clay 
Products Company. 

The Bureau of Mines will, with- 
out charge, furnish the film to be 
shown, the only conditions being 
that no fee is charged and that 
proper facilities (in a motion pic- 
ture theater or elsewhere) be pro- 
vided for exhibiting the film ef- 
fectively. Parties to whom the 
film is loaned would be expected 
to assume all responsibility for its 
safe keeping and return to the 
bureau. Information pertaining to 
the securing of the film may be 
had by addressing U. S. Bureau 
of Mines, Washington. 

—The Clay Worker. 


Clay Products Exports 
Show Increase 


Statistics furnished by the De- 
partment of Commerce indicate a 
substantial increase in 
shipments of brick and other clay 
products in the seven months of 
the present year ended July 31. Following are the 
official figures for the seven-month period of this year, 
with comparative figures for the same months of last 
year: 


1927 1928 
Fire-clay bricks . .$546,842 $453,403 
Other refractory bricks..... 700,993 686,955 
Refractory shapes .......... 410,551 694,378 


ee ee 

In the seven months of the present year ended with 
July the imports of brick from foreign countries show 
a decided decrease from the figures for the same 
months of last year. 


Pittsburgh Ceramic Society 


The Pittsburgh Section of the American Ceramic 
Society held a meeting on Tuesday evening, November 
13, at the Fellows Room of the Mellon Institute, that 
city. Spotts McDowell spoke on “Technological De- 
velopments on the Manufacture of Refractories,” and 
many other features of interest marked the meeting. 


D Google 


S Mr. Leo J. Loeper is superintendent of brick { fond 5 h A 
foreign masons at the plant of the Carpenter Steel Com- trol is exercised in the steel in- 
pany at Reading, Pa. 


Heat Transmission Through Walls 


Building Research, of the Department of Scientific 
and Industrial Research of Great Britain, has recentl; 
issued as Technical Paper 6 an interesting pamphlet 
on “Thermal Conductivities of Walls, Concretes, and 
Plasters” by Ezer Griffiths. This paper is essentially 
a reprint of Special Report 7 of the same department, 
and has been issued because of 
numerous requests for the infor- 
mation contained in the original 
report. The general subject of 
heat transmission will be dis- 
cussed in more expanded form in 
a special report now in prepara- 
tion. 

Those interested may procure 
copies of the pamphlet for 9d. 
net upon application to His Ma- 
jesty’s Stationery Office, London, 
England. 


—Industrial and Engineering 
Chemistry. 


Steel Corporation Operates 
179 Laboratories 


At the recent meeting of the 
American Chemical Society at 
Swampscott, Mass., W. A. Forbes, 
assistant to the president of the 
United States Steel Corporation, 
explained the extent to which 
chemical and technological con- 


dustry, showing United States 
Steel Corporation and its subsidi- 
ary companies operate 179 laboratories devoted to 
chemical and physical testing with a complement of 
approximately 2,115 employes. This is the true index, 
he said, and emphasizes the importance and necessity 
of chemical science in the steel-making industry to ren- 
der it still more efficient in quality of product, in mini- 
mizing waste, in utilizing by-products, and in enlarging 
the commercial diversification of all its products. 

As to the future, he prophesied that chemists of a 
hundred years hence will probably regard as academic, 
or futile, our present day results. 

The refinements in design and construction of 
open-hearth furnaces and maintaining, by chemical 
control, the quality of steel as larger capacity fur- 
naces developed, together with strict chemical inves- 
tigation and control of slags, fuels, gases, refractories, 
etc., have been exceedingly noteworthy during the 
last several years. The result is that steel producers 
have achieved uniform success in meeting the de- 
mands of steel consumers for products ever increas- 
ingly of higher quality, in order to withstand the 
many new and severe uses to which these steels are 
put today as compared with a few years ago. 
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Notes on the English and German 
Refractories Industry 


By Stuart M. Phelps* 


Although comparatively few plants were visited in 
these countries, those that were are of the more up-to- 
date or progressive type. There is little doubt that 
taken as a whole the foreign refractories industry is 
not as far advanced as in this country. One basic 
reason for this is the low cost of labor abroad. This 
condition naturally has not created an incentive for 
mechanical developments. Such a condition is not, by 
any means, universal as there are many plants that 
are comparable with those of the better class in this 
country. An example of such a plant is the silica brick 
works at Dusseldorf, Germany, which is modern and 
very thoroughly equipped mechanically. 

In many instances their manufacturing methods 
differ by reason of the raw materials. Foreign quartz- 
ites are not as readily converted during firing, requir- 
ing 3 per cent of lime in place of the 2 per cent in this 
country. A variety of quartzites are blended to give 
the desired properties for brick and shapes. A uni- 
versal practice is that of adding one-half of one per 
cent of an organict binder to the batch, which in part 
accounts for the excellent mechanical condition of 
their silica brick and shapes. 

Flint clay does not occur in these countries, which 
necessitates the preparation of calcine as a substitute. 
At one plant a high grade kaolin brick was made in 
the following way: Kaolin was dug out of the pit by 
hand, made into a slip and put into large tanks so as 
to allow the fine silica sand to settle out. The slip 
was then filter-pressed and the cake made into dobies. 
These were placed in covered sheds to air dry and 
later were fired to 1,400 deg. C. Percentages of this 
calcine ranging from 60 to 80 per cent were used in 
the brick mixes. The final firing of the brick was to 
cone 16. Such a series of operation in this country 
would soon run up the cost and make an expensive 
product, but in Germany they sold for very little more 
than the price of our high grade clay brick. 

Labor at this plant ranged from $0.05 to $0.20 per 
hour, the latter figure being that for molders. The cost 
of labor varies for different sections of the countries. 
In some districts women do most of the heavy work 
while in other parts, boys are employed extensively. 
The working conditions in many plants are of a very 
low order. 

The firing of refractories in these countries is con- 
ducted on a very efficient basis. Coal costs about the 
same as in this country, and this figure in comparison 
with their other costs of manufacturing necessitates 
efficient firing. 

The high efficiency obtained is the result of using 
continuous kilns which make use of the heat in the 
cooling ware and that present in the flue gases. Al- 
though this is the principle of the tunnel kilns used 


_*Director of research and tests, American Refractories In- 
stitute. 
+The use of these materials was studied by the fellowship 
and reported in, “Organic Binders for Use in the Manufacture 
of Silica Brick,” by H. Foster Robertson. 
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in this country, the operation of the continuous kiln 
is quite different. 


These kilns are comparable in fuel economy with 
the more expensive tunnel kilns. Losses due to break- 
age and other causes appear to be considerably higher 
than that of tunnel kilns. Brick are fired to cone 10 
to 12 with less than 800 Ib. of coal and 1,100 Ib. are 
used in firing to cone 15-16. They are not complicated 
in construction nor difficult to operate and appear to 
be quite satisfactory from the large number in use. 


Tunnel kilns are not common either in England 
or Germany. The silica brick works at Dusseldorf has 
the most notable kiln, which incidentally, was the first 
to successfully fire silica brick. 


This kiln is 500 ft. long and has a capacity of 70 
to 80 tons of ware per day. The cars are about 7 it. 
square and hold 10 tons of brick. A period of eight 
to 10 days is necessary to complete the passage 
through the kiln. Firing is accomplished with pro- 
ducer gas, using an equivalent of less than 600 Ib. of 
coke breeze per 1,000 brick. The burning zone is 200 
ft. long, accommodating 10 burners. Regeneration is 
used for both the gas and air. 


An interesting furnace for calcining lump mate- 
rial was seen in Germany. It is used for the dead 
burning of magnesite and is the first of this type to 
be built. The lump material is fed into the charging 
door and falls upon the hearth, and is raked over its 
surface. After being heated for the necessary length 
of time, it is pulled forward and falls into a vertical 
cooling chamber. Air for combustion is drawn through 
the cooling material, preheating it, and is burned with 
the fuel in the combustion chamber. The flue gases 
give up their heat to the material in the charging 
chamber on their way to the stack. The kiln is fired 
with producer gas and is very efficient. An objection 
to its operation, however, is the necessity of hand 
labor in raking the material over the hearth. It would 
seem that a slow moving hearth on the principle of a 
stoker could be incorporated in its design. A practical 
and efficient calcining kiln would be very useful in 
this country for the preparation of flint clay, disapore. 
cyanide, magnesite, etc. 

The price of clay brick in Germany ranges from 
$20.00 to $50.00, depending mainly on the quality as 
determined by the alumina content. Silica brick sell 
for about $40.00, while in England the price is slightly 
higher. Clay brick in England sell for approximately 
the same as in Germany. 


The use of specifications is not as extensive abroad 
as here, although they are gaining favor. Excellent 
technical work is being conducted in these countries. 
especially that of the more fundamental nature. 


Basically, the industry is the same in all countries, 
but various conditions and customs are responsible 
for operations that appear to us to be quite odd or 
quaint. There is no doubt that it would be mutually 
worth while for manufacturers to exchange informa- 
tion and ideas, but on the other hand the industry in 
each country has been developed along lines that are 
peculiarly suited to their own conditions. 


—Abstract from Technical Bulletin No. 25, 
American Refractories Institute. 
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Some Properties of Refractories 


Progress in development of refractories has been 
hindered by a lack of co-operation of consumers and 
producers. There has also been a great duplication of 
effort resulting from a lack of co-ordination of the 
work of different laboratories. 


As a result of this situation the literature on re- 
fractories contains hundreds of pages of data, all good 
in itself but which cannot be beneficially interpreted 
and used because methods of testing have not been 
standardized. 

An effort has been made by the writer to classify 
a number of representative refractory materials by 
collecting all data available on a few of their more 
important properties such as fusion temperature, re- 
sistance to load at high temperature, resistance to 
spalling, resistance to slag. The materials selected 
were silica brick, magnesite brick, chrome brick, disa- 
pore brick, and fire clay brick. Upon collecting data 
available and trying to figure the relative quality of 
these brick with respect to the properties outlined, on 
a percentage basis, the results obtained were so absurd 
that the problem was abandoned in despair. No two 
laboratories apparently follow the same procedure in 
making the simplest tests on refractories. It is difficult 
to find cases of agreement even on the fusion tem- 
peratures of refractories. The greatest need of the 
refractories industry today is a definition of terms, 
standardization of methods of testing and co-operation 
of all agencies in securing data which can be inter- 
preted in the light of data already available. 

The following tables taken from an article by F. H. 
Norton in the Journal of the American Ceramic So- 
ciety, Vol. 8, No. 12, shows some of the properties 


of common refractories. While these results are not 
in full agreement with those of some other investi- 
gators and while Norton’s conclusion as to the prop- 
erties controlling spalling have not met with full 
agreement, the tables do give a very good general 
comparison of the materials tested. A better under- 
standing of the data given can be obtained from the 
article referred to (see tables). 


TABLE II 
Specimen 
No. Material Deg Melting point, deg. 
15 Magnesite (Grecian) 2000 (pure 2800) 
19 Lime ........... ie iieties 2000 (pure 2570) 
13 ZircOmias nic ebs Sea ie ee 2000 (pure 2550) 
11 Zircon (white) ........ 2000 
18 Spinel ............0008- 2000 
20 Alumina ...........006. 2000 (pure 2035) 
10 Silicon carbide ........ 2000 (decomposes at 2200) 
12 Zircon (brown) ....... 1935 
14 Mullite .............24. 1850 
5 Kaolin .......-..c eee 1740 
1 Silica’ a4 at aarey vee os 1700 
6,7,8,9 Fire clay (av.)......... 1670 
21 Insulating brick ....... 1630 


It should be emphasized that a high melting point 
does not necessarily give high duty refractory, but a 
high melting point is a primary essential, before other 
properties can be considered. 

In general, the material for a refractory structure 
should have as small a mean co-efficient of expansion 
as possible. In Table III the various specimens are 
listed in the order of excellence. 

The brown zircon, kaolin and silicon carbide have 
the lowest co-efficients. The fire clay, mullite and zir- 
conia are a little higher, while the spinel, alumina and 


TABLE I 
: ed ae z2 ee 
9 a re b poi . : 2 
3 ig e 7 ee 2 3 a6 
5 £ E a8 ¢ “ge a 2% 
3 2 SE wo Seu 23, 3 2 =5 
g a a) £ te “3. 2a¢ & 2 cm 
s — me vy ROM wo aa o c) =é& 
- a a~ z seé wee eg: ad 23 
5 = a £ S28 v2 ELY e ” 38 
E S Hi a a a 3 E oe 
g = = = 4s wEE 9 
é é gs EE E E Ee 
lo. “Silican \.c8s gc oadece thecal 8 tale 1700 Le 83 1000 1 260, 610 1400 1550 
2- ‘Kaolin sessed toe teste 1740 1300 47 79 1 260, 600 eds 1050 
3. “Kaolin. cide eens 1740 1430 68 87 1 260, 600 1380 
4 -Kaolitt sinc ck toe eee en 1740 1500 53 70 1 260, 600 1580 
52° URraOlittois ese je0 site sles wc eecags 1740 1620 43 67 VY Beets 1610 
6 Fire clay (Missouri)....... 1720 eras 54 80 Large 600 a ea 1300 
7 Fire clay (Pennsylvania)... 1680 51 64 —_— 600 1250 1250 
8 Fire clay (Colorado)....... 1700 54 174 Large 260, 600 matics 1220 
9 Fire clay (Maryland)....... 1610 45 80 er er ers 1100 
10. Silicon carbide ............ 2000+ Tate 43 48 NE ree Bre 1700+ 
11 Zircon (white) ............ 2000+ 1650 64 92 Large 800 1400 1510 
12. Zircon (brown) ........... 1935 1590 42 48 2 600, 1400 Sais 1550 
13° Zirconia ..... cee cece 2000+ 1675 59 87 1 800, 1150 1600 
1400 Mullite ...............000. 1850 1785 53 82 : 780, 1350 Caren 1700+ 
15 Magnesite (pure) ......... 2000+ 1680 142 151 , 1430 1000 1700-- 
16 Magnesite (commercial) ... 0 .... wat 147 210 Zo a Gee 500 1440 
17, Chrome (commercial) ..... baa Lanes 104 124 2 1000 1130 1540 
18 Spinel ..... eee eee eee 2000+ 1690 76 110 | nee ieee 1200 1600 
19”. Limes iets ec dtaniaeoets 2000-4 1740 138 145 . 1500 700 1700+ 
20) Alumina ...............00. 2000+ 1650 77 82 1 1180 waboets 1580 
21 Insulating ..............00. 1630 74 480 Large 200, 570 1050 
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silica form a still higher group. The chrome, lime and 
magnesite have values distinctly above the others. 
Structures made from the last three materials will 
require carefully designed expansion joints. 


TABLE III 
Specimen Mean co-efficient 
No. Material of expansion 
12 Zircon (brown) ...........00e cece 0.0000042 
5 Kaolin (hard) .......... 0.0. cee cece .0000043 
10 Silicon carbide ......... ccc ee eee . 0000043 
6.7,8,9 Fire clay (av.)..... ccc cece cee eens . 0000051 
14 Mihlite: Sion was age oa Bae bath ae anes . 0000053 
13 Zirconia ........... . 0000059 
11 Zircon (white) .... . 0000064 
21 Insulating brick .0000074 
18 Spin Oita oc eed eis haha Sted othe Stele ave .0000076 
20 Aluminacici gcd bccce tua Feed oe hee eds .0000077 
1 SMa se diarn sciconses lovee s-b 4s area ere e ee . 0000083 
17 Chrome: siei.c cae cad iret ook Oe wes . 0000114 
19 TINO: oh bec hdis hes ahevicegh cle d eek bet neue .0000138 
15 Magnesite (Grecian) .............005 . 0000142 
16 Magnesite (commercial) ............ .0000147 
TABLE IV 
J Maximum co-efficient 
Specimen of expansion between 
No. Material 300° and 700° 
12 Zircon (brown) ..........0cceeeeeee 0.0000048 
10 Silicon carbide ........... cece eeeee . 0000048 
5 Kaolin (hard) ............. cece eeee . 0000067 
14 Mulllite® scot. cncee seeded bao sk wee ebaae . 0000082 
20 Alumina, 2.59% cried aie 025 Sleds oes Soe . 0000082 
13 ZiILCOMIA- S2,20-9 Seeds awnerrs gees ee BS . 0000087 
11 Zircon (white) . 0000092 
6.7,8,.9 Fire clay (av.)............000 . 0000099 
18 SPiNel io sccd Ss ac eaeees ee vile sa Thee Reales . 0000110 
17 Chrome: 5 viv escceeinad se esices oSee we as .0000124 
19 Tome isin nk es fh heed ate ei woo ek. .0000145 
15 Magnesite (Grecian) .........0.0008 .0000151 
16 Magnesite (commercial) ............ .0000210 
21 Insulating brick ........... 0.0.00 eee . 0000480 
1 UN Cais S hog a 650 oe wR eee DUAN aba tatdsantioce .0001000 
TABLE V 
Temperature at 
Specimen which shrinkage 
No. Material begins, deg. 
10 Silicon carbide .......... ccc cece eee eee 1700+ 
14 Mullite® jac Seun eset dak wmnthar ein eesae 1700+ 
15 Magnesite (Grecian) .............0000e 1700+ 
19 LAME. Sais isco Mise Balas each heey edhe 1700+ 
5 Kaolin (hard) ............ 1610 
18 Spinel. c2s6 ood satin attastiv ot aeons wea 1600 
13 ZALCOMA> Se orccacdtacis Races Maden dts sae 1600 
20 Alumina: ign-pci eects Pete ee hs 1580 
1 Silias c6 dic de ced te vibe see Si wee nek oat Oe a 1550 
12 Zircon (brown) ........ 0.00. cc cee cee 1550 
17 Chrome: is festiee dad Gs oh ab 3aretts oe 48 ates 1540 
11 Zircon (white) ......... 0c ccc cee eee 1510 
16 Magnesite (commercial) .............-. 1440 
6,7,8,9 Fire clay (av.).... 0... ccc cece eee eee 1220 
21 Insulating brick .......... 0. cece cece eee 1050 


As previously stated the ability of a material to 
resist spalling depends, other things being equal, on 
the maximum co-efficient of expansion between 300 
and 700 deg. In most cases this will be the maximum 
for the complete temperature range. The different 


Google 


materials are listed in Table IV to bring out their 
spalling resistance. 


The materials most resistant to spalling are zircon, 
silicon carbide and kaolin. Mullite, alumina, zirconia, 
fire clay and spinel are somewhat less resistant, and 
chrome, lime and magnesite will spall rather easily. 


—By Professor J. B. Shaw, Dept. Ceramic Fng., 
Pennsylvania State College 


Present Status of Structural Steel Welding 
(Continued from page 1586) 


3—Competitive costs are frequently securable 
on existing bridges and other structures which re- 
quire reinforcement to meet added loadings. The 
saving here is largely due to the avoidance of the 
expensive hand-drilling of holes in the field. 

4—Competitive costs may not be securable on 
the taller beam-and-column buildings, whose de- 
tails are so important as to require shop prepara- 
tion, until such time as there is enough business 
of this character to occupy a shop continuously. 

5—There is a class of tall beam-and-column 
buildings which, from a broader economic stand- 
point, can be welded with advantage, regardless of 
present costs for such work. This class embraces 
additions to buildings already occupied, where the 
elimination of noise during construction has real 
monetary value. Hotel owners are becoming alive 
to this feature and it is also a factor in some other 
commercial buildings as well as in the case of hos- 
pitals and colleges. The saving of space during 
alterations, and the smaller amount of demolition 
made possible by welding, also make this process 
economical as applied to the detailed connections 
of a new to an existing structure. 


In conclusion, it may be convenient to sum up the 
answers here attempted. 


1—Standard grades of structural steel, such as 
those covered by A.S.T.M. Specifications A-7 or A-9. 
can be satisfactorily welded. Many special grades also 
seem well suited to welding. me 

2—The welding operation does not adversely affect 
standard structural grades of base metal. It gives a 
highly localized normalizing treatment, with exactly 
the same results as accompany the well-known proc- 
ess of heat treatment. 

3—Methods of making welds by different processes 
have been standardized to a considerable degree. 

4—Unit values for the strength of welded joints 
can be readily determined. Safe values for the most 
usual forms of joint, under static load, are already 
known. 

5—The welded resembles the riveted joint in that 
its absolute soundness is determinable only by destruc- 
tive test. The practical soundness of a welded joint 
is readily determinable, without destructive test, by 
the taking of certain precautions, of which the most 
important are the periodical qualification of each 
welder by specific test and the selection of suitable 
welding wire. 

6—At the present time the economic advantage of 
welding varies with different classes of work. 
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SAFETY FIRST IN THE STEEL PLANT 


National Safety Council 


From a mere handful of pioneers, the National 
Safety Council has grown into an organization of 
world-wide leadership. It is supported by 4,650 mem- 
bers, representing 153 different kinds of industries, 
government departments, educational institutions, li- 
braries, chambers of commerce, community safety 
councils, insurance companies, 
automobile clubs, miscellaneous 
national, state and local profes- 
sional, trade and business organi- 
zations and public spirited indi- 
viduals. 

At the seventeenth annual 
safety congress in October at 
the sessions of the metals section 
papers were read covering sub- 
jects of prime importance to the 
steel industry in its work of acci- 
dent prevention including “Safety 
from the Viewpoint of Manage- 
ment,” by R. M. Roosevelt, vice 
president, Eagle Pitcher Lead 
Company, New York City; ‘‘Safe- 
ty from the Viewpoint of Super- 
vision,” by Dominic Samuels, 
foreman, Youngstown Sheet & 
Tube Company, Youngstown, 
Ohio; “Correction of Unsafe 
Practices in Foundries,” by Nel- 
son H. Kyser, safety engineer, 
Studebaker Corporation of Amer- 
ica, South Bend, Ind.; ‘““Develop- 
ing a Safe Human Factor in Our 
Industries,” by L. A. Hartley, di- 
rector, Educational Department, 
National Founders’ Association, 
Chicago; “The Placement of Men, 
or What the Surgeon Can Do,” by A. W. Colcord, 
M.D., plant surgeon, Clairton Works, Carnegie Steel 
Company, Clairton, Pa., and “Review of Accidents 
and Progress in the Steel Industry,” by Dr. L. W. 
Chaney, Bureau of Labor Statistics, U. S. Department 
of Labor, Washington, D. C. 


Records in the Steel Mills 


The Reading Iron Company Works, at Pottstown, 
with 125 employes had 2 lost-time accidents in 1927. 
One of these was caused by an employe falling from 
a truck only 12 in. above ground and injuring his 
thumb. Up to June 4 this plant had no lost-time ac- 
cidents in 1928. The superintendent and foremen are 
responsible for safety. 

The American Steel and Wire Company, at its 
Farrell plant can show an accident decrease of 74.48 
per cent in the last 8 years. In 1920 the accident 
record at the Farrell works was 2.39 per hundred men. 


In 1927 the record was .61. 
—From Labor and Industry. 
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Progress in Safety 


Reduction of waste, through preventive measures 
in that greatest of all national resources—human life 
—has gone forward steadily, yet much remains to be 
done in this direction. As our population grows, and 
as our means of locomotion increase in variety and 
speed, and as the number of persons engaged in haz- 
ardous occupations and pursuits 
increases, we are confronted in 
increasing magnitude with the 
problem of safety and protection 
to human life. 

Through educational and legis- 
lative measures, through exten- 
sion of compensation insurance 
into areas not now reached by it, 
and by quickened public interest 
in the wisdom and value of such 
effort will we accomplish the re- 
duction of our annual fatalities. 
It has been well demonstrated 
that a large percentage of these 
are avoidable, and because of that 
fact we should assume a greater 
personal and national responsibil- 
ity toward their prevention. 

Through its Bureau of Stand- 
ards the department is co-operat- 
ing continually with the various 
bodies concerned in the develop- 
ment, promulgation, publication, 
and revision of safety codes. 

Among the latter are the na- 
tional safety code for the pro- 
tection of heads and eyes of 


Mr. J. R. McVey is superintendent of safety, wel- : hans ee pee ; 
fare and employment at the Clairton works of the industrial workers, the American 
Carnegie Steel Company. 


logging and sawmill safety code, 
the national electrical safety code, 
safety rules for installation and maintenance of elec- 
trical supply stations, of electric utilization equipment, 
and of electrical supply and communication lines. To 
this list must be added because of the newness of the 
hazard safety rules for radio installation. 

Other codes need to be developed for fields still 
uncovered in this respect, and current efforts to com- 
plete codes for fields partially covered need to be en- 
couraged and supported. A responsibility which can 
not be evaded rests upon industrial managers to make 
safety a major interest and a continuing care. 

Investigations designed to bring about safer and 
more healthful working conditions in our mineral in- 
dustries have been extended. Among the more im- 
portant of these mine-safety studies are those con- 
cerned with the prevention of mine explosions—the 
reduction of heavy loss of life from falls of mine roof 
and coal, the elimination of hazards from the use of 
unsafe types of explosives and mechanical equipment, 
improvement of ventilation in mines, and the instruc- 
tion of miners in first-aid and mine-rescue methods. 

—From report of the Secretary of Commerce. 
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LEWIS 


ROLLS 


Chilled Iron and Alloy 
for 

Hot and Cold Rolling 

of All Metals 


Lewis Foundry & Machine Co. 
Pittsburgh, Penna. 
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